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Abstract  
 
The Käppala WWTP data is modelled by using WEST software to evaluate how the 
storm water affects the treatment plant process and to use the flow data from Ryaverket 
WWTP to the Käppala WWTP model in order to model. The flow estimation method 
which gives best results for the flow data over a long period on the low flow occurrence is 
95 percentile flow estimation method. This method was used to determine dry weather 
flow of 1.4 m3/s and 2.8 m3/s for flow data from Käppala WWTP and assumed flow data 
from Ryaverket WWTP used in Käppala model respectively. Flow data normalization by 
using PE is 2.3 and dry weather flow is 2. The Ryaverket WWTP inflow data were re-
duced by dividing with 2.3 and 2 which were used in order to get the same flow situations 
as Kappala WWTP inflow data. The influent concentration data were different from the 
plants but the general results shows that regardless of the difference of inflow concentra-
tions, the increase of inflow from 21,794.7 to 22,244.3 m3/d reduces the primary clarifier 
removal efficiency by 7.7% for incoming TSS and 19.3% for incoming BOD. Further in-
crease of inflow from 21,794.3 to 25,580.9 m3/d reduces the removal efficiency by 10% 
for incoming TSS and 21.7% for incoming BOD.   
 
The Käppala WWTP model effluent quality standards from secondary clarifier shows that 
annual average BOD is 7.5 mg/l, TN is 6.2 mg/l, NH4-N is 0.2 mg/l. When PE normalized 
flow data from Ryaverket WWTP used in the model, effluent quality standards shows that 
annual average BOD is 5 mg/l, TN is 5.2 mg/l, NH4-N is 0.2 mg/l.   
 
The results illustrated that the Käppala plant data obtained is good enough to build up 
model. The flow normalization by using PE produced better effluent quality compared 
with flow normalization by using dry weather flow. The primary clarifier works well in 
removing SS and BOD for both flow data from Käppala and Ryaverket WWTPs. The aer-
obic sludge age for data from Käppala WWTP model is higher than the existing plant by 
1.6 days. The increase of flow directly affects TN, BOD and SS removal efficiency but 
seems to have little effect on NH4-N removal efficiency. 
 
Keywords: Käppala; modelling; storm water; wastewater treatment; WEST 
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Abbreviations 
 
ATP –  Adenosine Triphosphate 
Bio-P –  Biological Phosphorus 
BMP –  Best Management Practice 
BOD – Biochemical Oxygen Demand 
C  –  Carbon 
COD – Chemical Oxygen Demand 
CSO – Combined Sewer Overflow 
DHI – Danish Hydraulic Institute 
EBPR – Enhanced Biological Phosphorous Removal 
EPA – Environmental Protection Agency 
EU  – European Union 
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m  – Metre 
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N  – Nitrogen 
n.d. – No date 
Nm3/h – Normal cubic metre per hour 
P  – Phosphorus 
PAOs – Phosphorus Accumulating Organisms 
PE  – Population Equivalent 
PHA – Polyhydroxyalkanoates 
pH  – Potential Hydrogen 
SRT – Solids Retention Time 
SS  – Suspended Solid 
STOAT – Sewage Treatment Operations and Analysis Over Time 
TKN – Total Kjeldahl Nitrogen 
TN  – Total Nitrogen 
TP  – Total Phosphorus 
TSS – Total Suspended Solid 
UCT – University of Cape Town 
U.S. – United State 
UV – Ultraviolet 
VFA – Volatile Fatty Acid 
WEST – Worldwide Engine for Simulation and Training 
WWTP – Waste Water Treatment Plant
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1 Introduction 
 
Potable water is a challenge in many parts of the world. Increasing urbanization and scarcity 
of water resources requires advanced technology to maintain the quality of water sources 
(Lee et al., 1996).  Among the major factors affecting the quality of water is the presence of 
nutrients in water bodies (Romanski et al., 1997). Nutrients such as P and N are highly con-
tributed by discharging waste water in the water bodies which is likely to cause eutrophica-
tion (Sundblad et al., 1994; Danalewich et al., 1998). By definition, wastewater is polluted 
water resulting from municipal, agricultural and industrial activities produced from residen-
tial buildings, industrial, commercial and institutional areas (Ellis, n.d.).  
 
Wastewater treatment is the process of reducing its contaminants to an acceptable 
level where water can be discharged back to the environment safely. The aim of treating 
wastewater is to remove organisms causing diseases, avoid pollution and protect public 
health and the environment (Caribbean Environmental Health Institute, 1998). Wastewater 
generated from residential buildings, commercial, industrial and institutional areas is usually 
transported to the treatment plant through underground pipes for hygienic purposes. Storm-
water plays a big role in contributing the variation of quantity and quality of wastewater. 
 
Stormwater is the runoff caused by rain and snowmelt (Sundberg et al., 2004). The urban 
drainage system is designed to remove stormwater from the region as quickly as possible to 
avoid inconvenience to the community such as flooding. Stormwater conveyed in the system 
takes different pathways in combined and separate systems (Ahlman, 2006). In combined 
system, stormwater together with domestic and industrial waste is conveyed to WWTP. To 
cope with increase of flow and limited capacity of the sewer, combined sewer overflow 
(CSO) must be included in the design to deal with intense rain. This has influence on the 
quality of effluents leaving from WWTP and quality of water to recipients. In Sweden, larger 
cities such as Stockholm, Malmö and Göteborg, about one quarter of the population, are still 
connected with combined sewer system (Ahlman, 2006). This causes the increase of the 
amount of stormwater to the treatment plants. 
 
In Sweden, separate system started to be constructed in 1950s utilizing two separates pipes 
for conveying stormwater and sewage from domestic and industrial areas (Ahlman, 2006). In 
separate system, water which gets into the system through cracks, joints and at the manholes 
is called infiltration inflow and its quantity in the sewer system depends on the condition of 
the sewer system.  
 
Storm water runoff flushes particles and pollutants from roofs, parking areas, traffic areas, 
ditches, green areas etc.  The pollutants contained in stormwater can be nutrients (N, P), oil, 
greases, heavy metals (particularly zinc, copper, cadmium and lead), oxygen demanding sub-
stances and pathogens. Usually, the quantity of wastewater flow from communities to the 
wastewater treatment plant is quite low and its variation is not significant compared to initial 
flow. This is considered as dry weather flow. The changes of flow in a wet weather period 
within each year has an influence on the variation of the quantity of wastewater that flows to 
the treatment plant. Snow melt has a substantial contribution of load pollutant portion to 
storm water such as sodium chlorides, metals, solids, hydrocarbons (Oberts, n.d). Usually in 
the wet weather period (a relatively few hours in a year), there is a huge variation of flows to 
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the treatment plant due to ingress of water to the sewer system. This depends on the variation 
of the groundwater level, type of soil, the design system (combined or separated), the quality 
of the pipes, the joint connection of the pipes, age of the infrastructure, operation and mainte-
nance of the waste water distribution system and storm water handling in the city (U.S. EPA, 
1991). 
Quantity and quality of storm water has significant impact on the wastewater treatment pro-
cess because it changes physical and chemical properties of wastewater. This depends on the 
weather condition/climate change, BMP, catchment area, condition of the surface (pervious 
or impervious), pollution level of the area, drainage system and topography. Rainwater or in-
filtration of groundwater to sewer system contribute to oxygen/nitrate to wastewater which 
reduces fractionation of readily biodegradable COD or hinder the formation of VFA hence 
inhibit the bio-P process (Janssen et al., 2002).  
The enormous increase of storm water in the treatment plant system usually causes the in-
crease of operation cost and also can cause wastewater to be bypassed from the treatment 
process. For example in Sweden, the average volume of wastewater bypassed without treat-
ment and discharged to recipients ranges from 0.4% to 1.8% (Hernebring et al., 2000).  Sud-
den increase of wastewater quantity can further cause nitrifying bacteria to be washed out and 
will take time to regenerate and hence affect the treatment process.  
The stormwater might have a detrimental effect on waste sludge produced because of  the 
substantial amount of heavy metal that comes with it (Balmér, 2001; Boller, 1997; Palm and 
Östlund, 1996) which renders sludge unsuitable to be used as source of  fertilizer for agricul-
ture purpose (Ahlman, 2006). This also affects the settle-ability of the sludge in the reactors 
because of the shorter HRT. The future climate change projection predicts an increase of ex-
treme rainfall events which would lead to increased transport of nutrients to the recipient or 
WWTP (EPA, 2013).  
One solution for high flows is to design large pipes to handle the large flow in high rainfall 
periods but then these may be too big during dry weather periods unless a high slope is in-
volved. This can lead to low self-cleansing velocity resulting in the accumulation of sedi-
ments in pipes during the dry weather period. Alternatively, designing small pipes to handle 
the flow in dry weather periods might result in a system over flow during the wet weather pe-
riod. When predicting future effluent quality, there is a need to consider the changing climate 
and consequent competing priorities. This consideration emphasize a necessity for optimiza-
tion of the waste water treatment process which can handle dynamic changes of the waste 
water flow due to seasonal variation and changes of water quality and future effluent strin-
gent regulation (Qasim, 1999).  
There is different software to simulate WWTP configuration for removal of carbon, nitrogen 
and phosphorous such as STOAT, WEST, SIMBA, QUASIM, GPS-X and EFOR (Gernaey 
et al., 2003). In this report, WEST software will be used to model WWTP to evaluate the in-
fluence of stormwater. 
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1.1 Aim of the project 
 
The aim of this project is to model Käppala WWTP and to evaluate how the storm water af-
fects the treatment plant process. This includes the use of the Ryaverket WWTP inflow data 
to Käppala WWTP model in order to see how Käppala WWTP can be expected to react on 
the flow pattern correspond to the Ryaverket plant. 
This thesis report seeks to answer the following questions: 
 Is the Käppala plant data good enough to build up the model? 
 Which method is best for normalizing flow? 
 Does the primary clarifier efficiently remove TSS and BOD? 
 Is the model aerobic sludge age adhered to in the existing plant? 
 What is the effect of the increase of flow to plant nutrient removal efficiency? 
 How does the model of Käppala WWTP respond when wastewater flow pattern from 
Ryaverket treatment plant is used? 
1.2 Limitations 
 
The modelling was based on the commercial software WEST which was obtained from DHI. 
The WEST software was used to mimic the treatment plant components in Käppala treatment 
plant only. The model does not incorporate the sand filter and pre-treatment phase. i.e. bar 
screen and grit chamber and therefore the model boundary is the whole remaining process up 
to the secondary clarifier. The new part of Käppala treatment plant was built for bio-P pro-
cess is the only part designed and simulated in this report. The bio-P process did not work as 
anticipated in the existing plant hence was not run with bio-P process during the period of 
simulation.    
1.3 Thesis outline 
 
The structure of this thesis report after the introduction chapter is as follows: 
Chapter 2 refers to the dynamic modelling of waste water treatment plant with carbon, nitro-
gen and phosphorus removal. This includes the literature review which describes the internal 
process in more detail including wastewater components, biological reactions, wastewater 
characterization and ASM2d is elaborated in terms of its components, kinetic and stoichiome-
try parameters. 
Chapter 3 provides details of Käppala wastewater treatment plant and its treatment process 
and measured data in a specified period. 
Chapter 4 describes the principle of building the model by using WEST software referring to 
Käppala wastewater treatment flow scheme. 
Chapter 5 describes methods for estimating dry weather flow such as 95 percentile flow esti-
mating method, triangle methods and how to normalize flows of Ryaverket plant for compari-
son purpose. 
Chapter 6 outlines the results and discussion after data visualization through graphs, the rela-
tionship between incoming concentrations and influent wastewater data fractionation in 
ASM2d, model results and discussion. 
Chapter 7 contains conclusion for the results obtained and work done.  
Chapter 8 includes recommendation for future study and the suggestion on how can it be 
done. 
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2 Waste Water Treatment with carbon, nitrogen 
and phosphorus removal 
 
Biological waste water treatment process is a complex process which requires a sound un-
derstanding of the internal process of numerous reactions in multiple components. The 
wastewater flow conditions to the plant constantly changes which makes it harder to trace 
the real biological system behaviors. The mathematical model is established to represent 
the most fundamental process of dynamic behavior which quantify each kinetic (depend-
ing on rate of concentration) and stoichiometry (reaction relationship one component has 
to another) processes (Henze et al., 1986). This is usually described based on conceptual 
image and mathematical ideas of what we know about how the system functions. The 
model should be as simple as possible but should include all the necessary details for real-
ity approximation. The most important step in modelling is to select the appropriate 
model structure to describe the systems’ ongoing process (Sin & Vanrolleghem, 2006). 
The biological wastewater treatment systems modelling has gone through different devel-
opment stages such as organic matter removal only, nitrification - denitrification for nitro-
gen removal and phosphorus removal (Henze et al., 1986).  
2.1 Activated Sludge Model 2d (ASM2d) 
 
The first activated sludge system in municipal wastewater technology was introduced in 
1914 in England (Tchobanoglous & Burton, 1991). Activated sludge process typically in-
volves the use of biological organisms to remove pollutants. An activated sludge WWTP 
can remove nitrogen, phosphorous and carbon depending on its design and particular ap-
plication (Gernaey et al., 2003). ASM2d is a further development of the Activated Sludge 
Model No. 2 (Henze et al., 1995) and both were derived from concepts of the Activated 
Sludge Model No. 1 (ASM1) (Henze et al., 1987). ASM2 is more complex with many 
more components than ASM1 and the main difference is the additional of biological pro-
cesses for P removal. ASM2 assumes that growing of PAO is only under aerobic condi-
tion. The main difference between ASM2 and ASM2d is the addition of denitrifying 
PAOs where cell internal organic storage product can be used by PAOs in the denitrifica-
tion process. 
2.2 Model components 
 
The ASM2d is a mathematical model which has two main groups of components which 
are soluble (S?) and particulate (X?) (Henze et al., 1986). Soluble is assumed to be trans-
ported with water while particulate is assumed to be flocculated into the activated sludge. 
Both components may not be necessarily differentiated by filtration through 45 micro me-
ter and are assumed to be homogeneous and distributed throughout the system of interest 
(Henze et al., 1986). To account for the biological processes, a fundamental process such 
as growth and decay of biomass, ammonification and hydrolysis of particulate organics 
should be incorporated in the model (Henze et al., 1986). ASM2d in this report refers en-
tirely to white-box models which means that the models concept is derived from engi-
neering first principles (Gernaey et al., 2003). ASM2d is modelling carbon oxidation, ni-
trification-denitrification and phosphorus removal and its parameters are temperature de-
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pendent. Model parameters are important in wastewater characterization because it ena-
bles the estimation of influent component concentration. For carbon, nitrogen and phos-
phorus removal processes using ASM2d there are 21, 19 state variables and a total of 74 
parameters to estimate the wastewater influent (Rieger et al., 2013) (Appendix I).  
2.3 COD fractions in municipal wastewater 
 
Fraction of biodegradable organic matter is usually referred to readily and slowly biode-
gradable. In the model, readily biodegradable, SS is regarded as soluble while slowly bio-
degradable,  XS is regarded as particulate. Non-biodegradable organic matter in the model 
is fractioned into either soluble or particulate depending on their physical state. Inert solu-
ble organic matter, SI is unchanged throughout the biological process while inert particu-
late, XI is trapped in the sludge. All the components are assumed to be homogeneous and 
distributed throughout the system. 
 
Total wastewater carbonaceous matter in the model is divided into biodegradable, non-
biodegradable and active biomass (Figure 2.1). The biodegradable matter is further di-
vided into soluble (SS) and particulate (XS) while non-biodegradable matter is divided 
into soluble (Si) and particulate (Xi and XP) and active biomass is considered as hetero-
trophs biomass (𝑋𝐻) and autotrophs biomass (𝑋𝐴𝑈𝑇). Biomass is considered as separate 
biodegradable fraction otherwise it can be washed out in the high load system (Roeleveld 
& van Loosdrecht, 2002). All this approach allows mass balance of organic matter and 
electron demand (oxygen) (Rieger et al., 2013). 
 
The measure of COD is dominant compared to the measure of BOD and TOC because it 
provides a connection between electron equivalent in the organic substrate, the biomass 
and the oxygen utilized (Gaudy and Gaudy, 1971).  Furthermore, mass balance can be 
made in terms of COD and organic material concentrations are in COD units. The 
wastewater organic matter are usually divided into different number of classes (McKin-
ney and Ooten, 1969; Dold et al., 1980) such as biodegradability of organic matter. The 
aim of fractionating is to calculate or estimate the average fraction needed by the model 
and superimpose ratios obtained on the compounds measured.  The assumption being that 
the ratio between total compounds measured and their fractions is constant over time 
(Henze et al., 1986). In reality the ratio variation depends on the wastewater characteris-
tics.  
 
Soluble unbiodegradable: This cannot be removed by either biological process or sludge 
and has high influence on the concentration of effluent COD. 
Particulate unbiodegradable: This always accumulates in sludge, therefore has influence 
on sludge production, clarifier performance and suspended solid concentration in the clar-
ifier. 
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Figure 2.1: COD fractionation of inflow (notation according to Corominas et al., 2010) 
2.4 Nitrogen fractions in municipal wastewater 
 
The fraction of nitrogenenous matter in wastewater can be comparable with carbonaceous 
matter because it can be fractioned into organic and inorganic with further divisions 
(Henze et al., 1986). But in general there is no need to fractionate nitrogen as much as for 
organic matter because the larger part of nitrogen in wastewater is usually present as am-
monium which has no relationship with organic matter while the remaining part is cou-
pled with organic component (Henze et al., 2000). Total nitrogen (TN) in wastewater can 
be characterized as  
 
TN = TKN + SNOX = XTKN + SNHX + SNOX                                                                   (1) 
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Where  
         XTKN  = Total Organic Nitrogen 
         SNOX = Oxidized Nitrogen 
         TKN = Influent Total Kjeldah Nitrogen 
         SNHX = Ammonia Nitrogen 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                             Organic N-fractions related to COD 
 
Figure 2.2: Example for Nitrogen fraction based model approach (Rieger et al., 2013) 
 
2.5 Phosphorus fractions in municipal wastewater 
  
Phosphorus does not need to be fractionated in as much detail as organic matter because 
most of it occurs in orthophosphate form (Pasztor et al., 2008). The total phosphorus 
(CTP) is fractionated in two categories such as soluble and particulate.  
 
CTP =  XTP + STP                                                                                                              (2) 
Where 
XTP = Particulate total phosphorus 
STP  = Soluble total phosphorus 
Particulate total phosphorus includes organic and inorganic phosphorus. 
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XTP = 0.205XFeP + XPP + XS. iPXS + XI. iPXI + (XH + XPAO + XAUT). iPBM                   (3) 
Where 
XFeP = Particulate metal phosphate 
XPP = Poly phosphate stored 
iPXS = Conversion coefficient of P content of XS 
iPXI = Conversion coefficient for P content of XI 
XPAO = Phosphorus accumulating organism 
iPBM = Conversion coefficient for P content of biomass 
 
Soluble total phosphorus, 𝑆𝑇𝑃  can be expressed 
STP = SPO4 + SF. iPSF + SI. iPSI                                                                                        (4) 
Where 
SPO4= Soluble inorganic phosphorous 
SF  =    Fermentable organic matter                                                                           
iPSF = Conversion coefficient for P content of SF 
iPSI = Conversion coefficient for P content of SI 
 
Total phosphorus, CTP is usually in phosphate form in wastewater in both forms of inor-
ganic or organic phosphorus. The use of detergent is one of the main source of phospho-
rus in raw wastewater and it contributes about 50% of the total concentration of phospho-
rus (Henze et al., 2002).  In municipal wastewater poly phosphate stored (XPP) is close to 
zero and metal phosphate concentration (XFeP) is close to zero for many wastewater. The 
particulate phosphorous concentration contribution from autotrophs and phosphorous is 
considered negligible. So the particulate total phosphorus (XTP) is  
 
 XTP = XS. iPXS + XI. iPXI                                                                                                  (5) 
 
In municipal wastewater, soluble organic phosphorus concentration is minor compared to 
concentration of inorganic orthophosphate, therefore soluble phosphorus can be approxi-
mated as: 
STP = SPO4                                                                                                                       (6) 
 
2.6 Chemical precipitation of phosphorus 
 
The use of chemical precipitation such as iron salts is needed for phosphorous removal 
after biological process to meet stringent P effluent quality. Combination of biological re-
moval and chemical precipitation for removal of phosphorous usually results in low efflu-
ents. To model precipitation for phosphorus removal which might be calibrated for differ-
ent situation mainly two processes and two components are involved (Henze et al., 2000). 
These processes in ASM2d are precipitation and redissolution and two components are 
XMeOH and XMeP. The redissolution and precipitation of orthophosphate (SPO4) in the 
model is assumed to be reverse processes and is equilibrium in steady state as shown in 
Equation 7 (Henze et al., 2000). 
 
 XMeOH + SPO4                        XMeP                                                                                     (7) 
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The process rate used to model precipitation and redissolution according to Table 2.1 
 
ρPRE = kPRE. SPO4. XMeOH                                                                                                (8) 
 
 ρRED = kRED. XMeP                                                                                                           (9)  
 
Table 2.1: Stoichiometry of the processes describing simultaneous precipitation of phos-
phorus (Henze et al., 2000) 
No. Process  𝐒𝐏𝐎𝟒 𝐒𝐀𝐋𝐊 𝐗𝐌𝐞𝐎𝐇 𝐗𝐌𝐞𝐏 𝐗𝐓𝐒𝐒 
1 
2   
Precipitation 
Redissolution 
-1 
 1 
VPRE,ALK 
VRED,ALK 
-3.45 
 3.45 
 4.87 
-4.87 
 1.42 
-1.42 
 
If both processes (ρPRE and ρRED) are in equilibrium then the equilibrium constant (Keq) 
may be derived as 
 Keq =
VREDi x KRED
VPREix KPRE
=
SPO4 x XMeOH
XMeP
                                                                                   (10) 
2.7 Limitation for ASM2d according to Henze et al., 2000 
 
 The model is valid for municipal wastewater only 
 Mg++ and K+ must be sufficient in wastewater 
 pH should be near neutral 
 The range of temperature should be between 10 and 25oC 
 
2.8 Important treatment process in the model 
 
2.8.1 Nitrification 
 
Nitrification is the process of oxidizing ammonia to nitrate through two processes (ammo-
nia to nitrite and then nitrite to nitrate) in aerobic conditions. These processes in aerobic 
conditions can easily explained by Equation 11, 12 and 13 (Gerardi, 2002). This process 
plays critical role in removing nitrogen in wastewater by using microorganisms (Jie et al., 
2008). 
 
NH4
+ + 1.5 O2 → NO2
− + H2O + H2 + Energy (via Ammonium oxidizers)                       (11) 
NO2
− + 0.5 O2 → NO3
− + H2O + H2 + Energy (via Nitrite oxidizers)                               (12) 
Overall reaction is 
 NH4
+ + 2 O2 → NO3
− + H2O + 2H
+ + Energy (via Nitrifying bacteria)                           (13) 
Storm water ingress in the wastewater system causes increase of speed, amount and or-
ganic loading of wastewater to the system. Nitrification process depends on organic load 
which is one of the most important factors in the system. In the presence of organic mat-
ter, heterotrophic bacteria usually outcompete autotrophic bacteria because its growth rate 
is faster than the growth rate of autotrophic nitrifying bacteria (Grady & Lim, 1980). The 
 11 
 
higher flow can also wash out the autotrophic nitrifying bacteria and affect the nitrifica-
tion process because it takes longer to regenerate. Therefore minimal nitrification can be 
caused by a high organic load while low organic load of approximately BOD5 of 10 mg/l 
can cause increased nitrification rate (Cheremisinoff, 1995). 
2.8.2 Denitrification 
 
Denitrification is the process of converting nitrate to nitrogen gas in anoxic conditions. 
This process receives nitrates from the nitrification process and recovers alkalinity which 
is lost during nitrification process. High increase of flow can change wastewater composi-
tion for example from VFAs to glucose, which might influence build-up of GAOs (Satoh 
et al., 1994).  This affects the denitrification process by reducing removal of phosphorus 
and can disturb the nitrification process since shorter HRT causes the biomass to be 
washed out.  The UCT process removes nutrients (N, P) by using micro-organisms and no 
external carbon is added for nitrogen removal. This process is pre-denitrification which 
means that anoxic tank is placed ahead of the aerobic tank. In anoxic tank, the reduction 
of nitrate to nitrogen gas occurs (Equation 14) i.e. nitrate ( NO3
−
) is converted to nitrite 
(NO2
−
) then nitric oxide (NO) then to nitrous oxide (N2O) there after nitrogen gas (N2). If 
both oxygen and nitrate are present, oxygen will be used first because oxygen is the best 
electron acceptor compared to nitrate. The dissolved oxygen concentration greater than 
0.2 – 0.5 mg O2/l can reduce denitrification process because it can hinder the process and 
form N2O. The N2O can contribute the GHG effect.  
 NO3
− → NO2
−  → NO → N2O → N2                                                                             (14) 
For pre-denitrification approach, BOD from raw wastewater is used as a carbon source 
for the denitrification. The nitrate formed in aerobic tank is recycled back to the anoxic 
tank for conversion to nitrogen. The denitrification rate will be independent to the nitrate 
concentration once its concentration level exceeds 0.5 mg N/l (Tesoriero et al., 2004). 
There is indirect evidence of the influence of nitrate concentration to the rate of denitrifi-
cation (Davies et al., 1989). The oxygen demand of the aerobic tank is reduced since 
some carbon is used in the denitrification zone. Nitrification process consumes alkalinity 
while denitrification recovers part of alkalinity lost. For nitrification, conditions with low 
organic loading of approximately BOD5 of 10 mg/l are suitable so aerobic biological pro-
cesses can be used to convert ammonia to nitrate (Cheremisinoff, 1995). 
 
The nitrification denitrification processes depend on each other in biological nitrogen re-
moval even though nitrification is considered as a limiting factor, therefore once one of 
this process is affected then biological nitrogen removal will also be affected. Denitrifica-
tion consumes 2.86 mg O2/mg N while nitrification consumes 4.57 mg O2/mg N (Con-
stantine, 2008). The denitrification process recovers alkalinity lost during nitrification 
by 50% and maintains a more stable pH because alkalinity acts as a pH buffer (Constan-
tine, 2008). 
2.8.3 Biological Phosphorous (Bio-P) removal (BPR) 
 
The technologies available for removing phosphorous in wastewater are physical, chemi-
cal and biological. The physical treatment includes membrane technologies and particu-
late phosphorus filtration, chemical treatment technology include precipitation and physi-
cal-chemical adsorption and biological phosphorus (also known as Bio-P) is removed 
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from wastewaters by using PAOs which are enriched in activated sludge (Brdjanovic et 
al., 1998; Wagner and Loy, 2002). Bio-P removal exploits the potential for microorgan-
isms to accumulate phosphate (as intracellular polyphosphate) in excess of their normal 
metabolic requirements (Brdjanovic et al., 1998; Mino et al., 1998). The BPR process is 
primarily characterized by circulation of activated sludge through anaerobic and aerobic 
phases, coupled with the introduction of influent wastewater into the anaerobic phase 
(Wagner & Loy, 2002). Phosphorous from the wastewater can be removed by either bio-
logical or chemical approaches or a combination of both (Gillberg et al., 2003). The nor-
mal wastewater treatment removes 20% to 30% of phosphorus (Henze et al., 1995). Ni-
trogen and phosphorus is removed by transforming N and P is bound to the biological 
sludge.  
 
The increase of wastewater loading rate especially due to dilution of storm water has an 
effect to Bio-P process (Brdjanovic et al., 1998). Rainwater or infiltration of groundwater 
to the sewer system contribute to oxygen/nitrate to wastewater which reduces fractiona-
tion of readily biodegradable COD or hinder the formation of VFA hence inhibit the bio-
P process (Janssen et al., 2002). This prolonged disturbance caused can lead to above 4 
weeks of recovery time (Okada et al., 1992). Phosphate effluent can be increased signifi-
cantly if there is low organic carbon load period after 1-2 days of the incident (Carucci et 
al., 1999a).
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3 Käppala Wastewater Treatment Plant 
 
Käppala wastewater treatment plant overview as shown in Figure 3.2 is Swedens’ third 
largest treatment plant, situated on Lindigö island, just east of Stockholm city (Käppala 
Association, 2011). The plant was constructed between 1957 and 1969 and collects 
wastewater from eleven municipalities (Danderyd, Lidingö, Nacka, Sigtuna, Sollentuna, 
Solna, Täby, Upplands-Bro, Upplands vasby, Vallentuna and Värmdö) with a tunnel sys-
tem 65 km long. The capacity of the plant is 700,000 PE but the current load is 570,000 
PE with an average flow of 160,000 m3/d and maximum flow of 520,000 m3/d (Käppala 
Association, 2011).  The plant is constructed underground in a populated area in order to 
save space for other development activities (Thunberg & Palmgren, 2011). This means 
the development of the plant is only possible downwards if compensation of people’s 
property is not an option.  The treatment plant is highly automated and consists of two 
parts, one being an old plant (BB01 – BB06) and the other a new plant (BB07 – BB11). 
The old plant has a capacity of 400,000 PE and contains 6 parallel treatment lines while 
the new one has a capacity of 300,000 PE and contains 5 parallel treatment lines (Thun-
berg & Palmgren, 2011). The additional treatment lines (new plant) were constructed dur-
ing 1995 - 2000 in order to improve nitrogen removal and increase volume.   The new 
part of the plant treats almost two-third of the incoming flow and all incoming flow 
passes through screens and grit removal chamber then distributed to old part and new 
parts to its respectively different treatment process lines (Figure 3.1) to both the old part 
and new part of treatment plant.   
 
 
 
Figure 3.1: Käppala wastewater treatment process scheme (Nikolic & Karlsson, 2005). 
The new plant is BB07-BB11 
 
The plant is owned by a Käppala association of 11 connected municipalities who are re-
sponsible for running and maintaining the plant. The aim of the association is to operate 
and maintain the plant in a cost effective and environmentally friendly manner, managing 
the increase of wastewater load and meeting future EU water framework directives for 
stringent discharge effluent limits. The effluent from the treatment plant is discharged to 
Stockholm archipelago in the Baltic Sea.  
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3.1 Load, discharges and design data 
 
Käppala WWTP collects wastewater from communities and five major industries named 
Jästbolaget, Arlanda airport, Marabou, Arla and Pharmacia & Upjohn (Nikolic & 
Karlsson, 2005). These industries contribute approximately 10% of the total COD load in 
the plant. The Table 3.1 shows load, discharges and design data for the old and new part 
of the plant.  
 
Table 3.1: Design, load and discharges data in Käppala WWTP year 2010 (Nikolic & 
Karlsson, 2005and Käppala Association, 2011) 
 
Design data     
Anaerobic tank Anoxic tank Aerobic tank Deoxic 
tank 
Aerobic Sludge age 
10,000 m3 38,000 - 61,000 m3 65,000-92,000 m3 7,600 m3 15 days 
 
Load     
PE Average flow Maximum flow BOD7 TP                  TN 
570,000 160,000 m3/d 520,000 m3/d 35 tons/d  6 tons/d   0.9 tons/d 
Discharges 
 BOD7 TN TP Ammonium 
Limits 8 mg/l 10 mg/l 0.3 mg/l 3 mg/l 
Treatment results 
after sand filter 
 
< 3 mg/l 
 
9 mg/l 
 
0. 2 mg/l 
 
< 1 mg/l 
 
3.2 Wastewater Treatment process 
 
At Käppala wastewater treatment plant (Figure 3.2), approximately 95% of the 
wastewater coming from urban areas goes through two processes, biological and chemical 
treatment. The general treatment involves a combination of mechanical, biological and 
chemical treatment. It takes about a day and a half for wastewater to be treated before it is 
returned back to nature at a depth of 45 m outside the Lidingö island (Käppala Associa-
tion, 2011). There are five major steps undertaken in Käppala WTTP which are pre-treat-
ment, primary sedimentation, biological treatment, final sedimentation and sand filtration 
as described below (Thunberg & Palmgren, 2010).  
 
 15 
 
 
 
 Figure 3.2: Käppala wastewater treatment plant overview (Nikolic & Karlsson, 2005) 
 
3.2.1  Pre-treatment  
 
Pre-treatment involves step bar screens with a gap size of 3 mm and grit chambers. The 
rotating step bar screens are used to remove debris such as rags, plant matter, metals, and 
plastics from the wastewater to prevent clogging and damage to the downstream compo-
nents. The removed materials are transported to another site for incineration.  Grit cham-
bers remove solid materials (sand and gravels) heavier than biodegradable materials. Sand 
and gravel is dewatered, washed and transported to the disposal site.   
3.2.2  Primary sedimentation 
 
Primary sedimentation is used as initial wastewater treatment by sedimentation and it re-
moves 30 to 40 percent of the total incoming BOD from domestic wastewater (Hammer 
& Hammer Jr, 2014). If there is large amount of soluble organic matter from municipal 
waste, the removal efficiency can be reduced to less than 20 percent and on other side in-
dustrial wastewater to municipal wastewater collection point can increase settle-able sol-
ids and hence increases BOD removal to 60 percent (Hammer & Hammer Jr, 2014). The 
primary clarifier can remove 40 to 60 percent of suspended solids and settle-able solids 
90 – 99 percent (Spellman, 2009). This depends on HRT, better wastewater treatment ob-
served as HRT increases. The settle-able materials (primary sludge) in primary sedimen-
tation tank is collected and processed to the anaerobic digester for fertiliser and bio-gas 
production. Rejected water from the treatment process is returned back to the treatment 
line for re-processing. To avoid nuisance or complaints from the nearby community, 
odour must be controlled at these stages (screens, grit chambers and primary sedimenta-
tion) by collecting ventilation air from grit and screen chambers and primary sedimenta-
tion is treated by UV light and activated carbon filters then released through a chimney 
150 m tall. 
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3.2.3  Biological treatment 
 
Biological treatment unit contains microorganisms which consume organic matter in wa-
ter and produce biological sludge. Oxygen is supplied for the growth of micro-organisms 
and decomposition of organic matter. Biological treatment is convectional activated 
sludge process according to University of Cape Town (UCT) process. The UCT process 
involves biological removal of nitrogen with pre-denitrification and modified biological 
phosphorus removal.  
3.2.4 Final sedimentation tank 
 
The sludge from the biological treatment unit is settled in the final sedimentation tank. 
The settled sludge is collected and transported to flow splitter and most of the percentage 
is recycled back to the biological unit in order to balance food to micro-organism ratio. 
The rest of the sludge is pumped to the digester for bio-gas and fertilizer production. 
3.2.5 Sand filtration 
 
Sand filtration is the final treatment step in Käppala plant which uses sand as a filter me-
dia. The waste water is physically treated by being passed through sand filters which re-
move particulate matter. The sand filter is used as tertiary treatment and usually removes 
nutrients, metals, pathogenic organisms, inorganic solids and remaining suspended solids 
(Sperling, 2007). The treated water is transported and discharged to the Stockholm archi-
pelago at a depth of 45 m (Käppala Association, 2011).  Sand filter was not used in this 
report because the model simulation took long time hence not considered. 
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4 Principles of building up the Käppala WWTP 
model by using WEST 
 
This chapter outlines how Käppala WWTP  was implemented in the WEST by describing 
the data required, selection of model parameters, literature studies of influent fractiona-
tion, important treatment processes and model set up to get the desired output. This in-
cludes the time period of the data taken and reasons why each procedure was done. 
  
4.1 Model build-up 
 
The model was built to replicate the existing Käppala WWTP except bar screens, grit re-
moval chamber structures and sand filter part.  The plant layout treatment process is the 
same as the UCT process layout which is a series of anaerobic, anoxic and anaerobic 
tanks. The flow data was collected from the Käppala WWTP records for the period of 735 
days (27th December 2010 up to 30th December 2012). The first 369 days was added in 
the model in order to avoid influence of model calculation in initial days. This model par-
ticularly focuses on day 370 up to day 735. i.e. 1st January 2012 to 31st December 2012. 
The number of measurements used to build-up the model are presented in Table 4.1 
Table 4.1: Data used for modelling Käppala WWTP  
 
No. Name Depth 
(m) 
Area 
(m2) 
Volume 
(m3) 
Return 
flow rate 
(m3/d) 
SVI 
1 
2   
3 
4 
5 
6 
7 
8 
9 
10 
Primary settler 
Zone 1 
Zone 2 
Anaerobic tank 
Zone 3 
Anoxic tank 
Oxic tank 
Oxic tank 
Deoxic tank 
Final settling 
3 
 
 
 
 
 
 
 
 
 6.1 
1,032 
 
 
 
 
 
 
 
 
1,440 
3,096 
168 
390 
1,046 
168 
5,780 
2,200 
8,800 
660 
8,784 
  
 
 
 
 
14,040 
 
 
70,000 
 
 
 
 
 
 
 
 
 
 
  150 
 
4.1.1 Municipality block 
 
The Municipality block shown in Figure 4.1 was created and the flow data file of struc-
tured format required was imported with customized input components of water, COD, 
TKN and total P. Thereafter, it was attached to input file in and dragged to input file out 
which was then fractionated, generated and viewed in steady state and dynamic state. The 
input block was always used to characterize soluble part and particulate part of 
wastewater and then utilized to predict physical, biological or chemical treat-ability. This 
was done by converting measurements to model state variables or constant needed by the 
model. 
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Figure 4.1: Municipality block used to collect influent wastewater flow and transport to 
the next block through line after characterization 
4.1.2 Treatment operation lines 
 
There are a total of five lines from the municipal collection point to the primary clarifier 
which convey wastewater through the new section of Käppala Treatment Plant with a to-
tal average daily wastewater inflow of 163,460 m3 as per studied period from 1st January 
2012 up to 31st December 2012. The new plant has a flow capacity of about two-thirds of 
the influent flow and has five lines but in the model only one line is modelled in order to 
reduce computation time during simulation. Therefore the average inflow to the munici-
pal block was divided by two-thirds and then divided by five to represent the average 
flow passing one line in the new part of the plant (21,794.7 m3/d). Each line has its own 
primary clarifier, activated sludge unit and secondary clarifier.   
4.1.3 Primary clarifier 
 
Primary treatment can remove BOD about 30 to 40% of the total incoming BOD and re-
moves about 40 to 60 % of the total incoming suspended solids (Hammer and Hammer 
Jr., 2014). The settle-able materials (primary sludge) in primary sedimentation tank is col-
lected and processed to the anaerobic digester for fertiliser and bio-gas production. Re-
jected water from the treatment process is returned back to the treatment line for re-pro-
cessing. To avoid nuisance or complains from the nearby community, odour must be con-
trolled at these stages (screens, grit chambers and primary sedimentation) by collecting 
ventilation air from grit and screen chamber and primary sedimentation and is treated by 
UV light and activated carbon filters then released through a chimney 150 m tall. 
                                                       
 
 
 
Figure 4.2: Primary clarifier showing flow directions 
4.1.4 Sensors 
 
Two sensors are connected in the model, the first one (Multiprobe sensor) was placed be-
tween the municipal wastewater block and the two fraction splitter block in order to 
measure inflow rate and all incoming concentrations for cross checking purpose. The sec-
ond one (TSS sensor) was placed between the last deoxic tank and flow splitter block to 
Flow from input 
block 
Flow to sludge 
waste 
Flow to two flow 
splitter 
Flow to primary clarifier of one 
line in new part of the plant  
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detect the TSS in activated sludge units in order to control sludge wastage in the return 
activated sludge flow splitter. 
                                       
Figure 4.3: Multiprobe sensor connected after municipality block to detect flow and in-
flow concentrations 
4.1.5 Flow combiners 
 
The two flow combiner which is placed between multiprobe sensor block and anaerobic 
tank receives recycled flows from the anoxic tank. The three flow combiner receives 
wastewater from the anaerobic tank, secondary settler and deoxic tank which transport the 
combined flow to the anoxic tank. The flow combiners in the model are usually intercon-
nected with loop breaker to enable simulation to occur. 
 
 
                                                        
                                                    
 
                                                   
 
 
Figure 4.4: Two flow combiner (up) and three flow combiner (bottom) used in the model 
4.1.6 Flow splitters 
 
The return activated sludge flow from secondary clarifier to the anoxic tank is given as 
input file to balance food to micro-organism ratio but instead the wastage sludge was con-
trolled by P controller in order to increase TSS in activated sludge so as to get the desired 
SRT of 15 days in the aerobic tanks. In the model is return sludge is represented by two 
flow splitters and its line is interconnected with loop breaker in order to avoid simulation 
Flow from input 
block 
Flow to two flow 
combiner 
Flow from deoxic tank 
through loop breaker 
Flow from anaerobic 
tank 
Flow to anoxic tank 
Flow from secondary settler 
through loop breaker 
Flow from anoxic 
tank 
Flow to anaerobic 
tank 
Flow from multiprobe 
sensor 
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error. This helps to bring back the micro-organisms to the activated sludge tanks to de-
grade organic matter. Nitrate is recycled from deoxic zone to the anoxic zone with a flow 
rate of 0.8 m3/s for denitrification process and also bio-P is recycled from anoxic tank to 
anaerobic tank with pump capacity of 0.2 m3/s. 
                                       
Figure 4.5: Flow splitter used to recirculate portion of flow from the tank and loop 
breaker used to connect flow splitters and flow combiners 
4.1.7 Anaerobic and anoxic units 
 
The biological treatment unit in Käppala was designed according to UCT configuration 
with modification for phosphorus removal. For the anaerobic unit, the modification in-
cluded the addition of a control unit to bio-P recycle. There is series of zone 1 (168 m3), 
zone 2 (390 m3), anaerobic (1,046 m3), zone 3 (168 m3), anoxic tank (5,780 m3), aerobic 
tank 1 (8,800 m3), aerobic tank 2 (2,200 m3) and deoxic tank (660 m3). Before zone 1 the 
two flow combiner was introduced to receive recycled bio-P flow from anoxic tank and 
after zone 3 three flow combiner was introduced to receive recycled flow from deoxic 
tank and return activated sludge from secondary clarifier. After anoxic tank a flow splitter 
was introduced to recycle bio-P to zone 1.  
4.1.7.1 Aeration control  
 
Fine bubble diffuser aeration at the bottom of tank is used in Käppala plant and the lowest 
airflow without agitator for each diffuser in zones is 1.5 Nm3/h in the new plant. In the 
model, aeration control is connected with aerobic tanks with input signal (u) to the aera-
tion control and output signal (y_m) from the aeration control while the output dissolved 
oxygen (DO) from the aerobic tank and input is oxygen transfer rate (KLa). ). The oxygen 
level is controlled by ammonium feedback and the set point is therefore variable. Propor-
tional integral (PI) controller is used in the model to control the amount of oxygen re-
quired for aeration with a set point between 1 to 2 mg/l because of the dynamic move-
ment of the process which must include variation of temperature and load of wastewater. 
The first aerobic tank (2,200 m3) in a series was set with oxygen concentration of 2 mg/l 
and second one (8,800 m3) was set with oxygen concentration of 1 mg/l. 
                                                         
 Figure 4.6: Aerobic tank with PI controller used to control aeration with the aim of 
providing sufficient oxygen for biological process 
Flow from anoxic 
tank 
Flow to Deox tank 
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4.1.7.2 Input temperature and return flow 
 
Input blocks are connected with daily temperature and underflow files are created through 
top level interface variable. Since the measured daily underflow input data to the second-
ary clarifier was dubious because the daily underflow data must be almost equal to daily 
wastewater inflow amount, therefore 14,400 m3/d was added to daily underflow data to 
make sure that the underflow data is almost equal to daily wastewater inflow of a single 
treatment line. 
 
 
 
Figure 4.7: Input block connected with daily input temperature which is feeding biologi-
cal units 
4.1.8 Final settling 
 
Final settling tank is represented as secondary clarifier from the separation block in the 
model. The total area of the settling tanks in the  new part of the plant is 7,200 m2 there-
fore for single line the area of secondary settler is considered to be 1,440 m2 and the water 
depth is 6.1 m. The size of the tank set in the model is 8,784 m3 (1,440 m2 x 6.1 m) with 
SVI of 150 and the daily underflow data is connected to underflow (Q_under) with con-
sistent flow units.  
The secondary settler (Tacaks_SVI) is modelled by ten layers which assumes that the in-
coming particulate are instantly distributed homogeneously over the feed layer and con-
siders the flow in a vertical direction only.  The upper most particulate layer has the low-
est concentration which is effluent TSS from the secondary settler and the bottom layer 
has the highest concentration which is underflow at the bottom of the secondary settler. 
This is sludge leaving the final settling tank.  
                                    
 
 
Figure 4.8: Final settling tank shows incoming and outgoing flows 
Input temperature to activated sludge tanks 
Flow to the multi 
flow sensor 
Flow from deox 
tank 
Flow anoxic tank Underflow to flow splitter 
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4.1.9 Simulation results  
 
The graphs were created to visualize the simulation results. This was achieved by adding 
sheets and plots and then selecting parameters or variables in the relevant blocks before 
running the simulation. The first run simulation step was a steady-state simulation fol-
lowed by a dynamic simulation in order to get a good starting value over running dy-
namic simulation. 
4.2 Model calibration  
 
The calibration is always done in trial and error after building the model. Initially, the 
model is simulated with its default values and thereafter, model parameters are adjusted. 
The selection of the parameters to be adjusted are based on the knowledge of the modeler 
and related to literature in order to get a close match between the measured values and 
simulated values. 
 24 
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5 Wastewater flow characterization 
 
Wastewater flow characterization requires measured inflow wastewater flow data to be 
available.  Figure 5.1 shows the variation of inflow wastewater for Käppala and Ryaver-
ket WWTP for the period of 1st January 2012 to 31st December 2012. The minimum and 
maximum inflow observed in Käppala WWTP is 96,227.4 m3/d and 402,329.4 m3/d re-
spectively while in Ryaverket WWTP is 204,451.1 m3/d and 1,034,522.4 m3/d respec-
tively. 
 
Figure 5.1: The graph showing the variation of influent flow for Käppala and Ryaverket 
WWTPs. Day 0 represents 1st January 2012 
 
5.1 Wastewater flow characterization methods 
5.1.1 95 percentile flow estimation method 
 
The dry weather flow in the sewer system is the low flow and represents the majority of 
flow in the wastewater system. Therefore, the 95 percentile flow estimation method is 
usually centered on low flows.  This is the flow estimation method which gives the best 
results for a flow data over a long period. For the given Käppala and Ryaverket inflow 
data which is a mixture of dry and wet flow, 95 percentile flow can be used to estimate 
dry weather flow.  
The other method of estimating wastewater flow according to the ‘Svenskt Vatten’ (2014) 
design book for more than 1000 people, the formula as shown in Equation 14 can be used. 
 
q𝑠 𝑑𝑖𝑚 = q𝑠 𝑚𝑒𝑑𝑒𝑙. 
𝑃 
3600 x 24
.C𝑑 𝑚𝑎𝑥. C𝑡 𝑚𝑎𝑥 + q𝑠 𝑣𝑒𝑟𝑘                                                       (14) 
Where 
q𝑠 𝑑𝑖𝑚 = Design sewage flow 
q𝑠 𝑚𝑒𝑑𝑒𝑙 = Specific sewage flow (l/p/d) including common activities 
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𝑃 = Population 
C𝑑 𝑚𝑎𝑥 = Maximum day factor  
C𝑡 𝑚𝑎𝑥 = Maximum hour factor 
q𝑠 𝑣𝑒𝑟𝑘 =Sewage flow from the industries and other major activities 
 
This formula requires a sound knowledge in wastewater field estimation especially for in-
dustrial flow, even though the ‘Svenskt Vatten’ design book provides ranges of factors 
and industrial flow to facilitate estimation. 
 
The Figure 5.2 shows the inflow data for Käppala WWTP which is used to find the flow 
frequency in percentage versus average influent and thereafter 95 percentile dry weather 
flow method is used for estimation. The percentage of daily time series to the total time is 
ranked in descending order versus ranked incoming flow in ascending order. Then fre-
quency flow curve is drawn. The straight horizontal line from 95% of the flow frequency 
is drawn up to the curve and thereafter vertical line is drawn to the bottom in order to get 
the estimated incoming dry weather flow which is 1.4 m3/s (Figure 5.3).   
 
Figure 5.2: Incoming wastewater flow data in Käppala WWTP. Day 0 represents 1st Jan-
uary 2012 
  
 
 
Figure 5.3: Flow frequencies for flow data in Käppala WWTP in year 2012 showing 95 
percentile dry weather flow estimated 
 
The Figure 5.4 shows the inflow data for Käppala WWTP which is used to find the flow 
frequency in percentage versus average influent and thereafter 95 percentile dry weather 
flow method is used for estimation. The percentage of daily time series to the total time is 
ranked in descending order versus incoming flow which is ranked in ascending order. 
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Then the frequency flow curve is drawn. The straight horizontal line from 95% of the 
flow frequency is drawn up to the curve and thereafter vertical line is drawn to the bottom 
in order to get the estimated incoming dry weather flow which is 2.8 m3/s (Figure 5.5). 
 
 
Figure 5.4: Incoming wastewater flow data from Ryaverket WWTP. Day 0 represents 1st 
January 2012 
 
 
 
Figure 5.5: Flow frequencies for data flow from Ryaverket WWTP in year 2012 showing 
95 percentile dry weather flow estimated 
5.1.2 Triangle method 
 
The triangle method is used to estimate infiltration/inflow (I/I) to the system. The method 
is adapted from Weiß et al., (2002) which is used for estimating I/I in a combined system. 
This formula is suitable for estimating the I/I for Käppala WWTP because the sewer sys-
tem in Stockholm still has one quarter of its population connected to a combined sewer 
system (Ahlman, 2006). Infiltration/inflow is usually insignificant leading many design-
ers to assume it is negligible because the amount of water infiltrate in the system can also 
exfiltrate from the system.  Waste water flow can be separated in dry weather flow, infil-
tration inflow and wet weather flow with the triangle method.  This was done by using 
daily inflow data (Figure 5.6) which was ranked in ascending order for the specified pe-
riod (366 days). The sewage flow is assumed constant and calculated as a product of aver-
age water consumption per day (194 L/person) and number of people connected to the 
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new plant at Käppala WWTP (303,273 PE). These figures were obtained from a thesis re-
port (Molander, 2014) but the total population connected to Käppala WWTP was multi-
plied by two-thirds based on the assumption that two-thirds of the total flow to Käppala 
WWTP is treated by the new part of the plant. The amount of water consumed per day is 
assumed to be equal to the amount of wastewater produced per day. The value obtained 
(58,835 m3/d) is taken as a percentage of the maximum inflow (402,329.4 m3/d) which is 
14.6%. Since there are five main industries connected to Käppala plant and their flow 
load contribution is anticipated to be approximately 125,000 PE and the total load will be 
825,000 PE in year 2030 (Manhem & Palmgren, 2010) which is 17.9% of the wastewater 
load produced by the people (700,000 PE) in year 2030. For the year 2012, industrial 
wastewater contribution could be assumed to be 9% of the total flow because industriali-
zation grows faster over time and wastewater flow contribution to the plant can increase 
by 0.5% per year. Therefore in year 2012, the total dry weather flow is 23.6% (i.e. 14.6% 
+ 9%) which is almost the same as the minimum sewage flow to WWTP in percentage of 
the maximum flow of 24%.  The straight line is drawn and the rectangular area under the 
line represents the annual sewage volume. The area between the straight line and the 
curve is storm water runoff volume plus infiltration inflow for 2012. The assumption used 
to separate storm water runoff and infiltration inflow is that the maximum infiltration in-
flow occurs after the wet period and decreases in the dry period as shown by the slant line 
which means there is exfiltration. 
The number of rain days in Stockholm, Sweden for the year 2012 was assumed to be 
equal to 173 days which was obtained from the Danish Meteorological Institute (DMI) 
for Stockholm/Bromma weather data for the year 2014. The storm water runoff time (173 
days) was divided by the total number of days in a year (366 days). The percentage of the 
total number of days and rain days is approximately 47.3 and the line is drawn from 
100% to the percentage obtained 52.7% (i.e. 100% - 47.3%).  The area under the curve 
and above the straight line which looks like a rectangle area is the infiltration inflow and 
the remaining area under the curve is the storm water (Figure 5.6). 
 
 
Figure 5.6: The triangle method used to determine sanitary sewage, infiltration inflow 
and storm water in Käppala WWTP for 366 days (Weiß et al., 2002) 
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5.2 Flow normalization 
 
Wastewater treatment plants differ from one another depending on the number of house-
holds, businesses and industries connected to the sewage service, topography, soil capac-
ity, weather, industrial and commercial activities, catchment area, wastewater manage-
ment and anticipated treatment processes. For example, there is a difference in yearly pre-
cipitation in Käppala and Ryaverket, and the location and size of the plants also differ. To 
compare two different flow conditions there is a need to normalize flow so as the model 
can handle the same flow conditions. 
  
5.2.1 Flow normalization by using PE 
 
There are different approaches in designing wastewater treatment plants but population 
equivalent is among one of the most significant parameters in designing. In this report, 
the ratio of the number of people connected (Table 5.1) is used to normalize the inflow 
and then a graph of daily time series versus normalized inflow for both plants (Käppala 
and Ryaverket WWTPs) is drawn to find the similar flow condition. Figure 5.8 is drawn 
based on the incoming flow to the two WWTPs when the inflow is ranked in ascending 
order with daily time series. This also gives a pictorial representation on how the inflow 
differs for example Figure 5.7, the minimum and maximum inflow data in Käppala 
WWTP is 96,227 m3/d and 402,329 m3/d while in Ryaverket WWTP is 204,451 m3/d and 
1,034,522 m3/d respectively. Referring to huge differences of flows for two plants, there 
is a need to normalize the flow so as to handle the same flow condition. 
 
 
Figure 5.7: The curves representing daily inflow data ranked in ascending order for both 
plants. Day 0 represents 1st January 2012 
 
The number of the connected population in Ryaverket is 693,309 and the assumed num-
ber of connected population in Käppala is two-thirds of 454,909 which is 303,273 for the 
new plant. The ratio of two PE obtained is 2.3 i.e. 693,309/303,273.  This value of 2.3 is 
used to divide all the inflow data of Ryaverket WWTP required in the model and inflow 
concentrations (TKN, TSS, TP and COD) assumed to be constant. The inflow data ob-
tained after division and its inflow concentrations will be used as the input data in the 
model for simulation and thereafter its results will be compared with simulation results 
from Käppala plant data in order to evaluate nutrients removal efficiency of two plants. 
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Table 5.1: Wastewater production values regarding to population connected (Molander, 
2014) 
 
No. WWTP Year Population con-
nected 
Wastewater (L/p/d) 
1  
2 
Ryaverket 
Käppala 
2012 
2012 
693,309 
454,909(303,273) 
 200 
 194 
 
 
 
 
Figure 5.8: The curves representing normalized daily inflow by using PE ranked in as-
cending order for 365 days. Day 0 represents 1st January 2012 
 
5.2.2 Flow normalization by using dry weather flow  
  
The ratio of dry weather flow from the two different plants data, (Käppala WWTP is 1.4 
m3/s and Ryaverket WWTP is 2.8 m3/s) is used to normalize flow. The dry weather flow 
ratio between the Ryaverket and Käppala plant data is 2 (i.e. 2.8 m3/s /1.4 m3/s) which is 
used to normalize the daily inflow to Ryaverket plant. For Ryaverket plant to handle the 
same flow situation compared to Käppala plant, the ratio value obtained is used to divide 
daily inflow data to Ryaverket plant (Figure 5.9). The incoming concentrations of COD, 
TKN, TSS and TP are assumed to be constant and are used as the input data in the model 
for simulation and thereafter the results are compared with Käppala plant in order to eval-
uate nutrients removal treatment efficiency of the two plants.  
 
 
Figure 5.9: The curves representing normalized daily inflow by using dry weather flow 
ranked in ascending order for 366 days. Day 0 represents 1st January 2012 
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6 Results and Discussions 
 
6.1 Data visualization 
 
The general trend of the inflow data from Käppala WWTP is overviewed in Figure 6.1. 
This illustrates that the data varied to some degree. The outliers are caused by the contri-
bution of storm water to the system. The data shows that the WWTP load variability is 
vast, but most daily average flow ranges from 100,000 m3 to 200,000 m3 for the 366 days. 
The lowest flow is observed in day 212 which is summer time when there is usually lower 
precipitation. 
   
 
Figure 6.1: Total inflow and time series raw data in Käppala WWTP. Day 0 represents 
1st January 2012 
 
The comparison between COD and BOD7 gives a general picture of the amount of the or-
ganic matter present in the wastewater. Therefore, the higher the ratio of COD to BOD7 
the more difficult it is to degrade organic matter from wastewater (Henze et al., 2002).  
Figure 6.2 shows the scattered points for BOD7 and COD with respect to time. Figure 6.3 
shows there is a normal correlation (R2 = 0.5) between the influent concentration of COD 
and BOD7.  Mathematically, the most number of events ratio of COD to BOD7 fall be-
tween 2 and 3 which means the ratio up to 2.5 is normal and above 2.5 is high and hence 
difficult to degrade (Figure 6.4). The ratio of COD and BOD7 event in week 45 is 7.1 as 
shown in Figure 6.4 is obvious outside the range of municipal wastewater (1.5 – 3.5) 
which is caused by very low influent BOD7 (74 mg/l). Figure 6.5 shows the daily varia-
tion of COD load in kilograms to the plant in one treatment line. The COD load to the 
plant was obtained after multiplying the daily COD concentration and inflow. The graph 
shows that on day 246 the inflow was 396,664.3 m3 with a concentration of 246.4 g/m3, 
the highest variation of COD for a specified period, while day 335 the inflow was 
402,329.4 m3 with a concentration of 217.8 g/m3, being the third highest COD load. This 
confirms that the variation of the COD is highly influenced by inflow concentration and 
storm water.  
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Figure 6.2: The variation of COD and BOD7 influent data for 50 weeks. Day 0 represents 
1st January 2012 
 
 
Figure 6.3: Relationship between total COD and BOD7 for Käppala WWTP 
 
 
Figure 6.4: The graph showing COD/BOD7 ratio for Käppala WWTP flow data in year 
2012 
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Figure 6.5: Daily influent COD at Käppala WWTP. Day 0 represents 1st January 2012 
 
Figure 6.6 shows the weekly variation of influent TN in mg/l and Figure 6.7 shows daily 
variation of influent TN as generated by the model hence multiplied by its respective 
daily inflow to get daily influent TN in kilogram. The range of concentration of TN in 
municipal wastewater is between 22 and 54 mg/l in a specified period. The fluctuation of 
influent TN is caused by ingress storm water in the sewer system. The variation of influ-
ent TN is due to variation of incoming concentration of TN and inflow. 
  
Figure 6.6: Variation of weekly influent TN in Käppala WWTP. Day 0 represents 1st Jan-
uary 2012 
 
Most events of the ratio of COD to TN falls between 10 and 15 even though there are 
events below ratio 10 and above ratio 15 (Figure 6.8). The high ratio of COD to TN for 
municipal wastewater characteristics is between 6 and 8 (Henze et al., 2008). The high 
ratio of COD to TN favor denitrification process and for UCT configuration COD is used 
as a carbon source. The lower ratio affect denitrification process even though it can favor 
nitrification if there is sufficient conditions. Correlation coefficient, R2 = 0.1 in Figure 6.9 
shows that there is no strong correlation between total COD and TN values. Figure 6.10 
shows weekly influent TP which was used in the model to generate daily influent TP 
hence multiplied by its respective daily inflow to get daily TP in kilogram (Figure 6.11). 
The relationship between incoming COD and TP shows that there is no correlation 
(R2=0.01) (Figure 6.12). 
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Figure 6.7: Variation of daily influent TN in kg at Käppala WWTP. Day 0 represents 1st 
January 2012 
 
 
Figure 6.8: The graph shows the ratio between COD and TN for influent data in Käppala 
WWTP 
 
Figure 6.9: The relationship between total COD and TN for influent wastewater in Käp-
pala WWTP 
0
2000
4000
6000
8000
10000
12000
14000
16000
0 50 100 150 200 250 300 350 400
In
fl
u
en
t 
T
N
 (
K
g
)
Time series (daily)
0
5
10
15
20
25
30
0 10 20 30 40 50 60
C
O
D
/T
N
Time series (weekly)
y = 3.6x + 361.3
R² = 0.1
0
100
200
300
400
500
600
700
800
0 10 20 30 40 50 60
T
o
ta
l 
C
O
D
 (
m
g
/l
)
TN (mg/l)
 35 
 
 
Figure 6.10: Daily influent TP in mg/l at Käppala WWTP. Day 0 represents 1st January 
2012 
The most number of events show that the ratio between COD and TP is between 50 and 
150 (Figure 6.13). This shows that the influent ratio is almost three times greater than the 
literature ratio of municipal wastewater (Henze et al., 2008). The variation of ratio is 
caused by the changes of influent TP and increase/decrease of stormwater to the sewer 
system. The industrial wastewater from Jästbolaget, Arlanda airport, Marabou, Arla and 
Pharmacia & Upjohn contribute 10% of the total COD load in Käppala WWTP (Nikolic 
& Karlsson, 2005).  
  
 
Figure 6.11: Daily influent TP in kg at Käppala WWTP. Day 0 represents 1st January 
2012 
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Figure 6.12: The relationship between total COD and TP for influent wastewater in Käp-
pala WWTP 
 
 
Figure 6.13: The graph show the ratio between COD and TP for influent data in Käppala 
WWTP 
 
Figure 6.14 shows the weekly variation of COD concentration which ranges between 
256 to 760 mg/l. The normal COD concentration for municipal wastewater is ranging 
between 250 and 800 mg/l (Metcalf and Eddy, 2003). The fluctuation of COD concen-
tration is due to ingress of storm water to the wastewater system.  
 
Figure 6.14: Variation of influent COD in Käppala WWTP. Day 0 represents 1st January 
2012 
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Soluble COD is not given in the Käppala WTTP data, so instead of assuming it based on 
literature, the soluble COD values are derived from Ryaverket WWTP data of year 2012. 
The variation of influent soluble COD and particulate COD data with time series in Rya-
verket WWTP was drawn (Figure 6.15) and those data was used to draw the relationship 
between soluble COD and total COD (Figure 6.16) and from it, regression equation of y = 
3.3x + 43.0 where y = total COD and x = soluble COD was obtained. The graph shows 
that correlation coefficient (R2) = 0.7 which means that there is normal correlation be-
tween total COD and soluble COD values. 
 
 
Figure 6.15: The variation of soluble COD and particulate COD influent data from Rya-
verket WWTP. Day 0 represents 1st January 2012 
 
Figure 6.16: The graph shows the relationship between total COD and soluble COD for 
the data from Ryaverket WWTP. Day 0 represents 1st January 2012 
By using the total COD data given in Käppala WWTP, soluble COD and particulate COD 
were obtained and its variation with daily time series can be seen in Figure 6.17. The rela-
tionship between soluble COD and total COD for Käppala data is obtained by using re-
gression equation of y = 3.3x + 43.0 obtained from Ryaverket data. This means that solu-
ble COD for Käppala data, x = (y - 43.0)/3.3 where y is the daily total COD for Käppala 
data and the particulate COD is the difference between total COD and soluble COD. 
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Figure 6.17: The variation of soluble COD and particulate COD influent data at Käppala 
WWTP. Day 0 represents 1st January 2012 
 
Table 6.1 shows the typical ranges of municipal waste water composition and Table 6.2 
shows influent measurement data, mean and standard deviation in Käppala WWTP. The 
wastewater concentration is further decreased as storm water infiltrates into the system 
because the concentration of storm water is lower than the concentration of diluted 
wastewater (Henze & Comeau, 2008). The low wastewater represents either high con-
sumption of water in the households and/or infiltration of storm water or groundwater in 
the system. High concentration means low water consumption or high contribution of in-
dustrial wastewater. Table 6.3 shows that typical ranges of compounds ratio from the lit-
erature and calculated one. 
Table 6.1: Raw municipal wastewater composition (mg/l) with minor industrial contribu-
tion (Henze & Comeau, 2008) 
 
No
. 
Parameters Low  
(Very di-
luted) 
Medium 
(Medium diluted) 
High 
(Diluted) 
Käppala WWTP 
(Average) 
1 
2 
3 
4  
Total COD 
BOD 
TN 
TP 
500 
230 
30 
6 
750 
350 
60 
15 
1200 
560 
100 
25 
478.3 
191.5 
39.7 
4.8 
 
Table 6.2: Influent measurement data to the new plant, mean and standard deviations in 
Käppala WWTP from 1st January 2012 – 31st December 2012 (Henze et al., 2008) 
 
No. Parameter Mean Standard 
deviation 
Unit Measurement 
 days     % 
Dilution 
1 
2   
3 
4 
5 
6 
Influent flow 
Total COD 
BOD 
TN 
TP 
Temperature 
21,794.7 
478.3 
191.5 
39.7  
4.9 
13.3 
6,794.5 
94.5 
44.2 
7.9 
1.0 
m3/d 
g O2/m3 
g O2/m3 
g N/m3 
g P/m3 
oC 
366       100 
50         13.7 
49         13.4 
53         14.5 
53         14.5 
366       100 
 - 
Very diluted 
Very diluted 
Medium diluted 
Very diluted 
- 
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Table 6.3: Comparison of compounds ratio between calculated ratio and ratio from liter-
ature (Henze et al., 2008) 
 
No. Compounds  
ratio 
Pairs Calculated 
mean ratio 
Low Typical High 
1 
2 
3  
COD/BOD7 
COD/TN 
COD/TP 
49 
50 
50 
2.6 
12.4 
103.6 
1.5-2.0 
3.0-4.0 
10.0-15.0 
2.0-2.5 
4.0-6.0 
15.0-20.0 
2.5-3.5 
6.0-8.0 
20.0-30.0 
6.2 Influent wastewater data fractionation in ASM2d 
 
The WEST model offers flow, COD, TKN, TSS and TP as a default for ASM2 but TP is 
to be added manually to the influent tool in municipal block. The influent TP is added to 
the wastewater data with water, COD, TSS and TKN was fractionated according to 
ASM2 (Figure 6.18). The original influent fractionation model ASM2 shows purple 
blocks (blocks pointed left hand side) as incoming variables and green blocks (blocks 
pointed right hand side) as outgoing variables.  The model assumes that, the flow-in is 
equal to the flow-out. The total COD is direct connected to soluble COD (S_COD) and 
particulate COD (X_COD) is reduced from S_COD. X_COD is derived from TSS and its 
particulate components are inert non-biodegradable organics (X_I), heterotrophic biomass 
(X_H), slowly biodegradable substrate (X_S), autotrophic nitrifying biomass (X_AUT), 
phosphorous accumulating organism (X_PAO), and organic storage of PAO (X_PHA). 
Inert non-biodegradable organics (X_I) is deducted from particulates contributing it be-
cause is unchanged throughout the treatment process. TKN is assumed to be a fraction of 
total nitrogen to ammonia ratio and TP is a fraction of total phosphorus to phosphate ratio 
(Table 6.4).  
 
Figure 6.18: Influent model fractionation (standard input layout ASM2) (DHI, 2014) 
 
 40 
 
Table 6.4: Parameters in ASM2 with default values used in the model 
No. Parameters Description Unit Default 
value 
1 
2 
3 
4  
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
f_S_F 
f_S_A 
f_X_S 
f_X_H 
f_S_NH 
f_S_PO 
F_TSS_COD 
S_NO_In 
S_N2_In 
X_MEOH_In 
X_MEP_In 
X_PP_In 
X_AUT_In 
X_PAO_In 
X_PHA_In 
S_O_In 
S_Alk_In 
Fraction of soluble COD to SF ratio 
Fraction of soluble COD to SA ratio 
Fraction of particulate COD to XS ratio 
Fraction of particulate COD to XH ratio 
Fraction of total nitrogen to ammonia ratio 
Fraction of total phosphorus to PO ratio 
Fraction of TSS to COD conversion factor 
Fraction of influent soluble nitrate 
Fraction of influent soluble nitrogen 
Fraction of influent particulate metal hydroxide 
Fraction of influent particulate metal phosphate 
Fraction of influent particulate poly-phosphate 
Fraction of influent particulate autotrophic biomass  
Fraction of influent particulate P-accumulating organisms 
Fraction of influent particulate PHA 
Fraction of influent oxygen 
Fraction of influent alkalinity 
- 
- 
- 
- 
- 
- 
- 
g/m3 
g/m3 
g/m3 
g/m3 
g/m3 
g/m3 
g/m3 
g/m3 
g/m3 
g/m3 
0.375 
0.25 
0.69 
0.17 
0.6 
0.6 
0.75 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
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The modified influent wastewater data fractionation (Figure 6.19), X_TSS parameter is 
derived from X_COD by using WEST default TSS to COD conversion factor of 0.75. 
The parameters constant with value 1 is not fractioned.  The remaining parameters are 
characterized as default values according to ASM2 in WEST software (Table 6.4). The 
total COD was fractionated by assuming that all Swedish WWTPs have similar character-
istics. Therefore, Ryaverket WWTP was used to derive the relationship between total 
COD and soluble COD by using regression equation. The regression equation obtained 
was used to find soluble COD (S_COD) from the given total COD in Käppala WWTP 
and the rest be particulate COD (X_COD). To avoid error in the model due to repetition 
of the names in the fractionation model because of the need to have input soluble COD 
and in the model there is already S_COD. The input soluble COD is changed to COD and 
connected to S_COD without fractionating and the new input particulate COD is changed 
to XCOD and connected to available X_COD. TKN was calculated from TN by subtract-
ing concentration of nitrite and nitrate (0.01 mg/l) because they are not organic nitrogen 
and eventually TKN fed as influent data. 
Soluble COD is fractionated to S_A, S_I and S_F while particulate COD is fractionated 
to X_I, X_S and X_H. The other particulate such as X_PHA, X_PAO and X_AUT de-
rived from X_I and is removed from it.  
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Figure 6.19: Modified influent model fractionation (standard input layout ASM2) (DHI, 
2014). 
 
6.3 Effluent wastewater data defractionation in ASM2d by default 
 
The effluent wastewater parameters which were the same as influent parameters were de-
fractionated (Figure 6.20). BOD was added to the general page of the effluent tool and 
defractionated as per default ASM2dTemp output file. BOD20 is connected to BOD for 
measurement. The effluent total COD was obtained from sum of X_COD and S_COD. 
The effluent TKN was defractionated to S_NH and organic_N. The TP is defractionated 
to organic_P, metal phosphate (X_MEP), phosphate (X_PO) and poly phosphate (X_PP). 
The hanging incoming variables such as soluble oxygen (S_O), alkalinity (S_ALK), ni-
trogen (S_N2), nitrate (S_NO) and metal hydroxide (S_MEOH) was left as it was for 
simplicity. Effluent TN is obtained after adding TKN and S_NO 
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Figure 6.20: Effluent model fractionation (standard output layout ASM2dTemp) (DHI, 
2014) 
6.4 Model results 
 
The model results for Käppala WWTP is based on 366 days (1st January 2012 to 31st De-
cember 2012) but the model was simulated for 735 days (from 27th December 2010) and 
the treatment process efficiency of the plant in the interested period without bypass flow 
option is evaluated. The first 369 days were added to the model in order to avoid the in-
fluence of the model calculations of the initial days. These initial wastewater inflow and 
concentration data were the same for both plants. The focal period of this model is from 
day 370 to day 735. Thereafter, the treatment plant efficiency comparison between Käp-
pala WWTP and flow data from Ryaverket WWTP was used in the Käppala plant model 
for the year 2012.  
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6.4.1 Primary clarifier 
 
The primary settler in the existing new plant has a total volume of 15,480 m3. In the 
model build up, Takács primary clarifier was used because it is considered to be the most 
reliable and can reproduce an experimental data set for both steady state and dynamic 
conditions. For one line, the total volume was divided by five in order to get a representa-
tive volume of primary clarifier in a line (3,096 m3). The area of the tank, height of the 
tank and underflow rate at the bottom of the primary clarifier are not given as a measured 
data but assumed to be 1,032 m2, 3 m and 800 m3/d respectively. The flow rate was de-
rived from the Kemira (2005) report.  To improve treatment efficiency for BOD and TSS 
removal from the primary settler, maximum theoretical settling velocity (v0) was changed 
from 96 m/d (default) to 192 m/d and maximum practical settling velocity (v00) was 
changed from 45 m/d (default) to 90 m/d. After calibration, primary sedimentation re-
moves approximately 40.4% of the total incoming BOD and about 70.4% of suspended 
solids. The BOD removal efficiency was obtained by using multi probe sensors since the 
average incoming BOD is 191.3 mg/l and the BOD effluent from primary clarifier was 
114.1 mg/l.  The settle-able materials (primary sludge) leaving from the primary sedimen-
tation tank is 77.2 mg/l then removal efficiency in % was obtained. The derived average 
incoming TSS is known (261.1 mg/l) and thereafter multi probe sensors provide measure-
ment of TSS from the primary clarifier of 77.3 mg/l then the removal efficiency was cal-
culated.  The waste sludge from the primary clarifier was set as 800 m3/d in the model, 
and this sludge is processed to the anaerobic digester for fertiliser and bio-gas production. 
6.4.2 Suspended solids in aerobic tank 
 
The steady state simulation is always performed first followed by dynamic state simula-
tion in order to get the optimum starting point for dynamic state.  Table 6.5 shows the in-
put data at steady state condition generated by the model. This assumed that the concen-
trations of the influent parameters remained constant. Additional input data contained in 
model include daily temperature in the activated sludge unit and daily underflow from the 
secondary settler. 
 
Table 6.5: Input data from Käppala WWTP to the WEST model at steady state simulation 
condition for 366 days 
Water 
(m3/d) 
BOD 
(g/m3) 
X_COD 
(g/m3) 
S_COD 
(g/m3) 
TKN 
(g/m3) 
TSS 
(g/m3) 
TP 
(g/m3) 
21,794.7 191.3 348.1 133.1 40.8 261.1 4.9 
 
Effluent ammonium appears to fluctuate between 0.1 and 1.3 mg/l (Figure 6.22) which is 
averaged to 0.2 mg/l. This annual average effluent NH4-N concentration value is small, its 
fluctuations seems to be affected with flow because there is a similarity of flow peaks as 
illustrated in Figure 6.21 and 6.22. This fluctuation is probably caused by high flow 
which affects nitrification process which causes ammonia or ammonium not to be treated 
properly.  
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Figure 6.21: Incoming flow in one treatment line at Käppala WWTP. Day 0 represents 1st 
January 2012 
 
Figure 6.22: Effluent ammonium from Käppala WWTP model. Day 0 represents 1st Janu-
ary 2012 
 
Effluent BOD (Figure 6.23) before sand filter shows that the minimum BOD effluent is 
approximately 3.6 mg/l while the maximum is 16.7 mg/l with annual average value of 7.5 
mg/l. The sand filter is expected to reduce further BOD7 concentration to less than 7.5 
mg/l. The required annual average effluent quality after sand filter according to the stand-
ard at the plant is 8 mg/l. The highest level is probably caused by overloading and an in-
sufficient aeration period in the aeration tank which leads to poor sludge settle-ability in 
secondary clarifier. This also caused by the variation of temperature in activated sludge 
tanks.  
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Figure 6.23: Effluent BOD from Käppala WWTP model. Day 0 represents 1st January 
2012 
 
Figure 6.24 shows the variation of effluent nitrate nitrogen which ranges from 2 mg/l to 
16 mg/l with an average value of 5 mg/l. The high fluctuation of effluent nitrate nitrogen 
indicates that between day 20 and 50, day 226 and 238, shows that the rate of converting 
nitrate to nitrogen in anoxic tank is low. This can also be affected by increase of flow, 
variation of incoming TN, and the recycling rate of nitrate and temperature.  The increase 
of nitrate seems to follow the trend of influent TN to WWTP which is evident that a 
higher amount of TN inflow affects nitrate nitrogen removal. 
 
 
Figure 6.24: Effluent nitrate from Käppala WWTP flow data in the model 
 
Figure 6.25 shows that effluent TKN seems to be affected by the incoming TN in the 
plant and the variation of temperature in the activated sludge tanks. The first 100 days is a 
winter season which shows there is highest peak which means that nitrification-denitrifi-
cation processes are affected by the temperature. The average effluent TKN is approxi-
mately 1.2 mg/l even though its fluctuation ranges from 1 mg/l to 6.8 mg/l. In summer 
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time between day 204 and day 208 the plants performs better than all other seasons be-
cause of the influence of temperature in nitrification-denitrification processes. 
 
 
Figure 6.25: Effluent TKN from Käppala WWTP flow data in the model. Day 0 represents 
1st January 2012 
 
The TSS in the activated sludge unit was controlled to 3000 mg/l in the model by using a 
proportional controller in order to maintain micro-organisms in the tanks to degrade or-
ganic matter. Figure 6.26 shows that stable TSS was reached within a day at steady state 
condition which is used as a set point to waste sludge.     
Figure 6.26: Accumulation of TSS in aerobic tank at Käppala WWTP model. Day 0 rep-
resents 1st January 2012    
     
The annual average effluent TSS after secondary clarifier is approximately 11 mg/l as 
shown in Figure 6.27. After sand filter, TSS is expected to be reduced further to less than 
11 mg/l and standard average annual effluent TSS is 10 mg/l. The high amount of effluent 
TSS concentration is due to either an increased rate of flow, which means the reduction of 
HRT leading to the inability to remove the required percentage of suspended solids. An-
other cause of high TSS effluent includes sludge bulking in the secondary settler.                                                               
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Figure 6.27: Effluent TSS from Käppala WWTP model. Day 0 represents 1st January 
2012 
6.4.3 Simulation results after flow normalization by PE 
 
Käppala WWTP data such as water inflow data, concentrations and input data (tempera-
ture, undeflow from secondary clarifier and return sludge flows) were used to build up the 
model and the results were kept aside. Thereafter, the influent data from Ryaverket 
WWTP was divided by the ratio of PE (i.e. PE ratio = 2.3) so as the Käppala WWTP 
model can handle the same flow condition. Other input data in the Käppala WWTP model 
remain unchanged for comparison purpose. There was no data for influent TP from Rya-
verket plant, therefore Käppala influent data of P was used for both plants. The following 
are the simulation results after running the model. Table 6.6 shows the results after flow 
normalization by using PE and Figure 6.28 is the incoming flow in one flow line. 
 
Table 6.6: Input data from Ryaverket WWTP to Käppala WWTP model at steady state 
simulation condition for 366 days 
Water 
(m3/d) 
BOD 
(g/m3) 
X_COD 
(g/m3) 
S_COD 
(g/m3) 
TKN 
(g/m3) 
TSS 
(g/m3) 
TP 
(g/m3) 
22,244.3 129.3 268.5 97.1 27.2 201.1 4.9 
 
 
Figure 6.28: Normalized flow by PE in assumed one treatment line at Käppala WWTP  
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The weekly influent TKN data was fed into the model and the gap between one week and 
another week was fed with interpolated data which was generated by the WEST as shown 
in Figure 6.29. The straight lines in the graph show that the model was generating almost 
the same TKN value daily over each week. 
  
 
Figure 6.29: Influent TKN as generated by WEST in Käppala model. Day 0 represents 1st 
January 2012 
 
Figure 6.30 shows that average effluent ammonium is 0.2 mg/l and reaches its highest 
value for the whole study period at day 100.  As this 100 days covers the winter time it is 
probable that influent concentration and temperature are the main causes of this trend. 
Overall, effluent results in the existing plant are less than 1 mg/l even though the limit is 
1-2 mg/l. During spring and summer time the results indicate that effluent ammonium 
levels are lower and constant (i.e. between day 150 and 250). 
 
 
Figure 6.30: Effluent NH4-N results for a normalized flow by PE used in Käppala model. 
Day 0 represents 1st January 2012
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Figure 6.31 shows that the effluent BOD is fluctuating between 18.7 mg/l and 4.6 mg/l 
for the first 100 days which indicates that low temperatures impact the treatment process 
in removal of BOD. Temperature appears to have an increased effect on the treatment 
process, between days 150 to 250 which is summer time i.e. the end of May up to August.  
 
Figure 6.31: Effluent BOD for a normalized flow by PE used in Käppala model. Day 0 
represents 1st January 2012 
 
Figure 6.32 shows that nitrate effluent has higher peaks in the first 100 days compared to 
the rest of the days due to low temperature and incoming TKN concentrations. This is 
probably caused by the rate of recirculation of nitrate flow from the deoxic to anoxic 
tanks. This shows that the effluent of nitrate has higher contribution to the effluent total N 
required to be removed.  
 
 
Figure 6.32: Effluent nitrate for a normalized flow by PE used in Käppala model. Day 0 
represents 1st January 2012 
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The weekly influent TP data were fed in the model and the gap between one week and an-
other week was fed interpolated data which was generated by the WEST as shown in Fig-
ure 6.33. The straight lines in the graph show that the model was generating almost the 
same TP value daily over each week. 
  
 
Figure 6.33: Influent TP as generated by WEST in Käppala WWTP model. Day 0 repre-
sents 1st January 2012 
 
The average influent TP is 4.9 while the average effluent TP is 3.5 mg/l.  Biological TP 
removal seems to remove 28.6 % of the TP as shown in Figure 6.34.  
 
 
Figure 6.34: Effluent TP for a normalized flow by PE used in Käppala model. Day 0 rep-
resents 1st January 2012 
 
The average effluent TSS is 10 mg/l and the maximum value is 29.3 mg/l observed in the 
study period as shown in Figure 6.35. This shows that the increase in rate of inflow to 
Ryaverket WWTP affects settling velocity, therefore HRT is not sufficient for the sus-
pended solids to settle to clarifiers. If the effluent TSS trend is similar to wastewater in-
flow, these shows that as flow increases, the TSS increases hence setting velocity de-
creased which resulted high effluent TSS. 
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Figure 6.35: Effluent TSS after PE flow normalization in Käppala model. Day 0 repre-
sents 1st January 2012 
 
6.4.4 Simulation results after flow normalization by dry weather 
The following are the simulation results for the flow data from Ryaverket WWTP after 
running the model and comparison with flow normalization by PE. Table 6.7 shows the 
results after flow normalization by using dry weather flows. The inflow is increased from 
22,244.3 m3/d to 25,580.9 m3/d as compared to flow normalization by using PE. 
  
Table 6.7: The simulation results for the flow data from Ryaverket WWTP after flow nor-
malization by using dry weather flow 
 
Water 
(m3/d) 
BOD 
(g/m3) 
X_COD 
(g/m3) 
S_COD 
(g/m3) 
TKN 
(g/m3) 
TSS 
(g/m3) 
TP 
(g/m3) 
25,580.9 129.3 268.5 97.1 27.2 201.1 4.9 
 
The trend of the incoming BOD is almost the same but there is an increase of effluent 
BOD as shown in Figure 6.36. The minimum effluent is almost 5 mg/l and maximum ef-
fluent is 23 mg/l and so the difference between minimum values is 1 and maximum value 
is 5 mg/l. This shows that increase of inflow increases effluent BOD. 
 
Figure 6.36: Effluent BOD after dry weather flow normalization in Käppala model. Day 
0 represents 1st January 2012 
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Effluent TP is almost the same as results obtained when flow was normalized by using PE 
(Figure 6.37). This shows that the change in flow has insignificant effect on the treatment 
process of TP in this model. 
 
 
Figure 6.37: Effluent TP after PE and dry weather flow normalization in Käppala model. 
Day 0 represents 1st January 2012 
 
The effluent NH4-N has a maximum value of 4.7 mg N/l while the flow normalized by PE 
has a maximum value of 3.6 (Figure 6.38). This shows the increase of effluent NH4-N is 
due to the increase of flow because the recirculation rate is constant. 
 
 
Figure 6.38: Effluent ammonium after PE and dry weather flow normalization in Käp-
pala model. Day 0 represents 1st January 2012 
 
Figure 6.39 shows that the effluent nitrate is not highly influenced by wastewater inflow. 
The effluent nitrate values after flow normalization by using dry weather flow and PE in 
the graph appear to be alike. 
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Figure 6.39: Effluent nitrate in Käppala model after PE and dry weather flow normaliza-
tion. Day 0 represents 1st January 2012 
 
The TSS accumulation in the aerobic tank is controlled to 3000 mg TSS/l but Figure 6.40 
shows the variation due to inexperience in modelling and using proportional controller. 
 
 
Figure 6.40: Accumulation of TSS in aerobic tank (mg/l) in Käppala model after PE and 
dry weather flow normalization  
 
Effluent TSS is highly affected by inflow as illustrated by the flow trend replicating the 
incoming wastewater flow trend. Figure 6.41 shows that the effluent TSS has been in-
creased compared to flow normalization by using PE and by using dry weather flow from 
29 mg/l to 33 mg/l respectively for the first 10 days. Generally, increase of flow increase 
effluent TSS for the same influent TSS concentration.  
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Figure 6.41: Effluent TSS in Käppala model after PE and dry weather flow normaliza-
tion. Day 0 represents 1st January 2012 
 
Figure 6.42 shows that effluent TKN is affected by the increase of flow if temperature 
and influent TKN concentration remains constant. The average TKN for flow normaliza-
tion by using PE is 1.2 mg/l and the average effluent TKN for the flow normalized by us-
ing dry weather flow is 1.3 mg/l. 
 
Figure 6.42: Effluent TKN in Käppala model after dry weather flow and PE flow normal-
ization. Day 0 represents 1st January 2012 
 
6.4.5 Solids Retention Time 
The solids retention time was calculated based on average aerobic sludge age for a speci-
fied period. The formula used is as follows: 
SRT =
𝑇𝑆𝑆 𝑖𝑛 𝑙𝑎𝑠𝑡 𝑡𝑎𝑛𝑘 𝑜𝑓 𝑎𝑐𝑡𝑖𝑣𝑎𝑡𝑒𝑑 𝑠𝑙𝑢𝑑𝑔𝑒 𝑥 𝑇𝑜𝑡𝑎𝑙 𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑎𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝑡𝑎𝑛𝑘𝑠
𝑆𝑙𝑢𝑑𝑔𝑒 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛
                            (15) 
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The sludge production (kg per kg BOD7 reduced) is derived from the relationship be-
tween sludge production and yield (Figure 6.43). The sludge load (kg BOD7/kg Sus-
pended Solid (SS).day) obtained from the Käppala WWTP model is based on the average 
influent BOD7 and suspended solids for a specified period which gives  a value of  0.7 
(i.e. 191.3 mg/l/261.1 mg/l ). The plant has primary sedimentation, therefore the middle 
graph was used to obtain the relationship which gives the sludge production of 0.8 kg per 
kg of reduced BOD7. The plant target is to reduce 100% of BOD7, therefore the BOD7 af-
ter primary sedimentation is 114.1 mg/l (i.e. 114.1 g/m3 x 21,794.7 m3/d = 2,486.8 kg 
BOD7/day). Therefore the sludge production per day for Käppala WWTP data is 0.8 x 
2,486.8 = 1,989.4 kg. 
SRT =
3000
𝑔
𝑚3
𝑥 11,000 𝑚3
1989.4 𝑘𝑔
𝑑𝑎𝑦
  = 16.6 days 
The inflow data obtained from Ryaverket WWTP  after flow normalization by using PE 
was used in the Käppala WWTP model, the sludge load value obtained is 0.6 (i.e. 129.3 
mg/l/201.1 mg/l). The BOD7 after primary sedimentation is 102 mg/l (i.e. 102 g/m
3 x 
22,244.3 m3/d = 2,268.9 kg BOD7/day). Therefore the sludge production per day for Rya-
verket WWTP inflow data is 0.6 x 2,268.9 = 1,815.1 kg. 
SRT =
3000
𝑔
𝑚3
𝑥 11,000 𝑚3
1,815.1 𝑘𝑔
𝑑𝑎𝑦
  = 18.6 days 
The inflow data obtained from Ryaverket WWTP  after flow normalization by using dry 
weather flow was used in Käppala WWTP model, the sludge load value obtained is 0.6 
(i.e. 129.3 mg/l/201.1 mg/l). The BOD7 after primary sedimentation is 105.1 mg/l (i.e. 
105.1 g/m3 x 25,580.9 m3/d = 2,688.6 kg BOD7/day). Therefore the sludge production per 
day for Ryaverket WWTP inflow data is 0.6 x 2,688.6 = 1,613.2 kg. 
SRT =
3000
𝑔
𝑚3
𝑥 11,000 𝑚3
1,613.2 𝑘𝑔
𝑑𝑎𝑦
  = 20.5 days 
 
Figure 6.43: The graph shows the relationship between sludge production and yield 
(Gillberg et al., 2003)  
 56 
 
6.4.6 General discussion 
 
Table 6.8 shows the effluent parameters after secondary clarifier for the modelled Käp-
pala WWTP and resulted effluent parameters after PE and dry weather flow normaliza-
tion which was used in the Käppala WWTP model. 
Table 6.8: Effluent parameters after secondary clarifier in Käppala WWTP model 
 
Effluent param-
eters 
Käppala 
WWTP 
Flow normalization by using 
PE                                              Dry weather flow 
BOD7 (mg/l) 
NH4-N (mg/l) 
TN (mg/l) 
TP (mg/l) 
7.5 
0.2 
6.2 
3.5 
5 
0.2 
5.2 
4 
6 
0.2 
5.3 
4 
 
Calibration was done based on referring to Swedish annual effluent quality guidelines 
since the actual measure of daily effluent concentrations data for Käppala WWTP was not 
available. The output results were monitored based on experience and the effluent water 
quality standards for Käppala WWTP. During calibration of this model, the settling ve-
locities of primary clarifiers were doubled in order to get an optimal representation of pri-
mary clarifier in the removal of BOD and SS.  
When comparing the model results of inflow data from Käppala and Ryaverket plants, 
Käppala WTTP displays better nutrient removal efficiency than the normalized inflow 
data from Ryaverket plant. This was observed after using inflow data from both plants, 
for example Käppala WWTP has SS removal efficiency of 70.4% and BOD of 40.4%, 
while the normalized inflow data by using PE from Ryaverket WWTP has a removal effi-
ciency of 62.7% for SS and 21.1% for BOD. Also the normalized inflow data by using 
dry weather flow from Ryaverket WWTP has a removal efficiency of 60.4% for SS and 
18.7% for BOD. 
The influent concentration data was different from the plants but the general results show 
that regardless of this difference of inflow concentration, the increase of inflow from 
21,794.7 to 22,244.3 m3/d reduces the primary clarifier removal efficiency by 7.7% for 
SS and 19.3% for BOD. Further increase of inflow from 21,794.3 to 25,580.9 m3/d re-
duces the removal efficiency by 10% for SS and 21.7% for BOD.   
The increase of flow by 449.6 m3/d which is caused by storm water reduces concentration 
of suspended solids hence affect sludge settle-ability which in turn changes the sludge age 
from 16.6 days (Käppala WWTP data) to 18.6 days (Ryaverket WWTP data) and further 
increase of flow by 3,786.6 m3/d resulted in sludge age of 20.5 days. This is because the 
increase of flow reduces settling velocity in the clarifiers leading to increased time for the 
accumulation of sludge in the tanks. Also appropriate underflow rate in the primary clari-
fier reduces some percentage of incoming SS and BOD concentration. The plant biologi-
cal treatment efficiency depends on volume of the flow to the plant, settle ability of solid 
materials and temperature of the wastewater. 
Temperature has an important influence on the biological treatment process which was 
the main treatment process examined in the model. The respective location of the two 
plants equates to minimal difference in temperature even though this was not considered 
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in this thesis. The average plant operating temperature for Ryaverket WWTP is 13.9 de-
grees centigrade while Käppala WWTP is 13.1 degrees centigrade. The average tempera-
ture used in the model for both plants data is 13.1 degree centigrade. 
When comparing nutrient removal treatment efficiency between data from Käppala and 
Ryaverket plants, the model results indicate that Käppala plant annual treatment effi-
ciency limit is 7.5 mg/l for BOD removal at dynamic state condition which reflects the 
actual behavior of the plant. The data from Ryaverket WWTP shows that the BOD efflu-
ent limit is 5 mg/l for the inflow of 21,794.3 m3/d and as the flow increased to 25,580.9 
m3/d the effluent BOD increases to 6 mg/l. The incoming BOD concentrations were dif-
ferent between influent data for Käppala WWTP and Ryaverket WWTP. For Käppala 
WWTP, the incoming BOD was 191.3 mg/l and effluent BOD is 7.5 mg/l which means 
the removal rate is 96.1% while for Ryaverket WWTP data, the incoming BOD was 
123.9 mg/l and the effluent BOD is 5 mg/l for normalized flow by PE and effluent BOD 
is 6 mg/l for normalized flow by dry weather flow which means the removal rates are 
96% and 95.2% respectively. This illustrates that as the flow increases, the BOD removal 
efficiency decreases. In general, the annual average effluent BOD is within the acceptable 
limits (8 mg/l) for the period represented in the model. 
For TP removal, the plant capacity could not be evaluated because the TP is usually re-
moved by chemical precipitation and with sand filters in the existing plant. Even though 
the biological process removed 28.6% of the TP in the model, the bio-P removal effi-
ciency could be increased probably because the constant recycling bio-P flow was used in 
the model, while in the existing plant there are two pumps one of which is controlled and 
the other is constant. 
TN removal efficiency in the model is evaluated after the summation of effluent NO3-N 
and TKN which should be less than or equal to existing plant average effluent limit of 10 
mg N/l. For Käppala WWTP, the incoming TN was 40.8 mg/l and effluent TN is 7.2 mg/l 
which means the removal rate is 82.4%, while for Ryaverket WWTP data, the incoming 
TN was 27.2 mg/l and the effluent TN is 5.2 mg/l for normalized flow by PE and effluent 
TN is 5.3 mg/l for normalized flow by dry weather flow which means the removal rates 
are 80.9% and 80.5% respectively. The total average of nitrate and TKN effluent values 
for Käppala WWTP are 7.2 which illustrates that the required standards for effluent TN 
of 10 mg/l have been achieved.     
The variation of effluent nitrate after secondary clarifier was either caused by the low rate 
of conversion of nitrate to nitrogen gas in anoxic tank or ingress of large amount of storm 
water which is rich in nitrate in the sewerage system. This can also be caused by the as-
sumption that small concentration of nitrate (0.01 mg/l) removed from TN was only ob-
tained from the model default value to get TKN. TKN in the ASM2d model is directly 
connected to soluble ammonia nitrogen (S_NH) with a default fraction factor of 0.6.  In 
the existing plant (Käppala WWTP), there are two pumps to recirculate flows per basin, 
one pump is frequently controlled and the other is constant controlled. In the model, the 
average recirculation flow value was considered and was constantly controlled.  
In the model, TSS of waste sludge from the flow splitter block was released after concen-
tration of 3000 mg/l was reached, and it as assumed the particulate concentration leaving 
the secondary clarifier is the same as the wastewater inflow entering the system in order 
to balance the mass of the system.  
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The increase of sludge age beyond that of the existing plant (15 days) was probably 
caused by the sludge extraction rate at the primary clarifier which exceeded the capacity 
of the primary clarifier to produce sludge. The data to determine area required for the 
model and the height of the primary clarifier was not available, therefore the area and 
height were assumed based on the available volume (3,096 m3). 
The weekly data obtained from the plant such as COD, BOD, TN and TP was used to es-
timate the daily data for all the missing days each week for the specified period. The 
WEST model generated all the data by interpolation between intervals of the two consec-
utive data. This was a source of model uncertainty. The plant is mostly automated, there-
fore the flow sensors could have a measurement error and encoding data can also occur 
due to human error. All this uncertainty can lead to model error and hence, slight differ-
ence from the existing plant effluent standards. 
The model responded well to the Ryaverket WWTP flow data even though the flow data 
from Käppala WWTP was used as a reference and the temperature of the flow in Käppala 
WWTP was taken into consideration and assumed to be the same as Ryaverket WWTP. 
Normalization of flow by using estimated dry weather flows ratio in the two plants was 2 
which is less than the normalization of flow by using PE ratio was 2.3. This would result 
in higher flow and at the same time there is uncertainty in estimating the dry weather flow 
because there is uncertainty in the 95 percentile flow estimation method, for example, the 
possibility of human error when reading a graph and flow measurement error. The uncer-
tainty of dry weather flow estimation indicates that the normalization by using PE seems 
to be a more reliable estimation.
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7 Conclusion 
  
This report is based on the available data in a specified period obtained from Käppala 
WWTP and Ryaverket WWTP and assumption is used for some data which was not ob-
tained during the thesis period. 
 The Käppala plant data obtained is good enough to build up model. 
 The flow normalization by using PE shows more reliable results compared to flow 
normalization by using dry weather flow. 
 The primary clarifier works well in removing SS and BOD for both flow data 
from Käppala and Ryaverket WWTPs. 
 The aerobic sludge age for data from Käppala WWTP model is a bit higher than 
the existing plant by 1.6 days. 
 The increase of flow directly affects TN, BOD and SS removal efficiency but 
seems to have little effect on TP and NH4-N removal efficiency. 
 Käppala WWTP model responds well when the wastewater flow pattern from 
Ryaverket WWTP is used. 
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8 Suggestions for future research 
 
This thesis report can be used as a benchmark for future research on how the Käppala 
plant behave. For better Käppala plant representation, the model should be more complex 
but fit for purpose than the one described in this report. Complex model depends on the 
availability time to collect data and money for human resources and can results to better 
prediction but it depends on the strong understanding of the modeler on how it works and 
wastewater treatment processes. The emphasis should be put on calibration of measuring 
instruments because the existing plant is automated. The input data measurement to the 
model can be taken after every 1.2 hours (0.05 day) in order to get reasonable level of ac-
curacy in model results if the data are not subjected to error. The emphasis should be put 
in model fractionation especially TN and COD. TN should be fractionated to TKN and 
oxidized nitrogen (NO3-N and NO2-N) and COD should be fractionated to soluble and 
particulate COD as per existing plant. 
Also primary and secondary clarifier’s underflow rate should not be underestimated be-
cause can results to higher amount of SS and BOD after treatment process. The existing 
plant has two pumps per basin to recycle flows; one is constantly controlled while the re-
mained one is frequently controlled. The future research model should have two pumps 
which considers both scenario. The dry weather flow should be identified when there is 
no rain for better model results because the plant is automated. 
 
Optimal modelling of the treatment plant requires all the available data from the plant. 
Since the existing plant is currently operating, most of the data for the model should be 
obtained from the existing plant in order to replicate the real time behavior of the plant. 
As such, future modelling would be built based on the actual measurement of the existing 
Käppala plant. The calibration should be done to ensure the measured value and simu-
lated value were almost within the acceptable range. Validation and model sensitivity 
must be performed in order to be confident about the calibrated model and evaluate how 
sensitive the model is.  
Sand filters should also be included in any future model in order to monitor effluent TP 
from Käppala WWTP. This will enable full scale Käppala WWTP modelling which repli-
cate the existing plant behavior.
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10 APPENDIX I 
Figure I.10.1: Process rate equations for ASM2d. Kinetic parameters are defined in Ta-
ble I.1 (Henze et al., 2000) 
 
Hydrolysis process 
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12. Anoxic storage of 𝑋𝑃𝑃:  
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𝐾𝑂2 
𝑆𝑂2
.
𝐾𝑁𝑂3 
𝐾𝑁𝑂3 + 𝑆𝑁𝑂3
 
13. Aerobic growth on 𝑋𝑃𝐻𝐴: 
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. 𝑋𝑃𝐴𝑂 
14. Anoxic growth on 𝑋𝑃𝑃 
ρ14 = ρ13. η𝑁𝑂3.
𝐾𝑂2 
𝑆𝑂2
.
𝑆𝑁𝑂3 
𝐾𝑁𝑂3 + 𝑆𝑁𝑂3
 
15. Lysis of 𝑋𝑃𝐴𝑂: b𝑃𝐴𝑂 . 𝑋𝑃𝐴𝑂 .
𝑆𝐴𝐿𝐾 
𝐾𝐴𝐿𝐾+𝑆𝐴𝐿𝐾
 
16. Lysis of 𝑋𝑃𝑃: b𝑃𝑃 . 𝑋𝑃𝑃.
𝑆𝐴𝐿𝐾 
𝐾𝐴𝐿𝐾+𝑆𝐴𝐿𝐾
 
17. Lysis of 𝑋𝑃𝐻𝐴: b𝑃𝐻𝐴. 𝑋𝑃𝐻𝐴.
𝑆𝐴𝐿𝐾 
𝐾𝐴𝐿𝐾+𝑆𝐴𝐿𝐾
 
18. Nitrifying organisms (Autotrophic organisms): 𝑋𝐴𝑈𝑇  
µ𝐴𝑈𝑇 .
𝑆𝑂2 
𝐾𝑂2+𝑆𝑂2
.
𝑆𝑁𝐻4 
𝐾𝑁𝐻4+𝑆𝑁𝐻4
.
𝑆𝑃𝑂4 
𝐾𝑃+𝑆𝑃𝑂4
.
𝑆𝐴𝐿𝐾 
𝐾𝐴𝐿𝐾+𝑆𝐴𝐿𝐾
. 𝑋𝐴𝑈𝑇 
19. Lysis of 𝑋𝐴𝑈𝑇: b𝐴𝑈𝑇 . 𝑋𝐴𝑈𝑇  
Simultaneous precipitation of phosphorus with ferric hydroxide Fe(OH)3 
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20. Precipitation: k𝑃𝑅𝐸 . 𝑆𝑃𝑂4. 𝑋𝑀𝑒𝑂𝐻  
21. Redissolution: k𝑅𝐸𝐷 . X𝑀𝑒𝑃. 
𝑆𝐴𝐿𝐾 
𝐾𝐴𝐿𝐾+𝑆𝐴𝐿𝐾
 
 
Table I.1: Definition and typical values for the kinetic parameters of ASM2d (Henze et 
al., 2000) 
Symbol in WEST 
model 
Component Compo-
nent value 
Unit 
 
XS 
K_h 
n_NO_Hyd 
n_fe 
K_O 
K_NO 
K_X 
XH     
mu_H 
Q_fe 
n_NO_Het   
b_H  
K_O 
K_F 
K_fe 
K_A 
n_NO_Het_d 
K_NH 
K_P 
K_ALK 
XPAO 
Q_PHA 
Q_PP 
mu_PAO 
n_NO_PAO 
b_PAO 
b_PP 
b_PHA 
KNH4  
K_PS 
K_P 
K_ALK 
K_PP 
K_MAX 
K_IPP 
K_PHA 
XAUT 
mu_AUT  
b_AUT 
K_O_AUT 
K_NH_AUT 
K_ALK_AUT 
K_PRE 
K_RED  
K_ALK 
Hydrolysis of particulate substrate                       
 Hydrolysis rate constant                                               
Anoxic hydrolysis reduction factor                          
Anaerobic hydrolysis reduction factor Saturation/inhibi-
tion coefficient for oxygen         
Saturation/inhibition coefficient for nitrate         
Saturation coefficient for particulate COD                     
Heterotrophic organisms                                  
 Maximum growth rate on substrate                    
Maximum rate for fermentation                            
Reduction factor for denitrification                                 
Rate constant for lysis and decay       
Saturation/inhibition coefficient for oxygen      
Saturation coefficient for growth on SF                
Saturation coefficient for  fermentation of SF     
Saturation coefficient for  growth on acetate SA   
Saturation/inhibition coefficient for  nitrate         
Saturation coefficient for ammonium (nutrient)  
Saturation coefficient for phosphate (nutrient)    
Saturation coefficient for alkalinity (HCO3-)  
Phosphorous accumulating organisms                         
Rate constant for storage of XPHA (base XPP)                
Rate constant for storage of XPP                                        
Maximum growth rate of PAO                             
Reduction factor for anoxic activity                               
Rate for lysis of XPAO                                                                               
Rate for lysis of XPP                                                                                   
Rate for lysis of XPHA                                                 
Saturation coefficient for ammonium (nutrient)  
Saturation coefficient for phosphorus in storage of PP                                                                 
Saturation coefficient for phosphate (nutrient)   
Saturation coefficient for alkalinity (HCO3- )            Sat-
uration coefficient for poly-phosphate                 Maxi-
mum ratio of XPP/XPAO                                                    
 Inhibition coefficient for PP storage                        
 Saturation coefficient for PHA                                 
Nitrifying organisms (autotrophic organisms)   
Maximum growth rate of XAUT                                                       
Decay rate of XAUT                                                                                   
Saturation coefficient for oxygen                                 
Saturation coefficient for ammonium (substrate)                                            
Saturation coefficient for alkalinity (HCO3- )  
Rate constant for P precipitation                                
Rate constant for redissolution                                     
Saturation coefficient for alkalinity 
 
3.0              
0.6             
0.4             
0.2             
0.5                     
0.1          
 
6.0              
3.0             
0.8             
0.4             
0.2             
4.0             
4.0             
4.0             
0.5           
0.05         
0.01           
0.1              
 
3.0             
1.5             
1.0             
0.6             
0.2             
0.2             
0.2             
0.05           
0.2         
0.01           
0.1           
0.01            
0.3           
0.02          
0.01         
 
1.0         
0.2             
0.5              
1.0              
0.5             
1.0             
0.6             
0.5  
 
d-1                                                          
-                                    
-                                
g O2m-3                                 
g Nm-3                                 
g XS (gXH)-1          
 
g XS (gXH)-1d-1            
  g XF (gXH)-1d-1                
-                                               
d-1                                             
g O2m-3                                
g CODm-3                       
g CODm-3                      g 
COD m-3                        g 
N m-3                                
g N m-3                              
  g P m-3                        
mole HCO3-m-3           
 
g XPHA (g XPAO)-1                                          
g XPP (g XPAO)-1 d-1                                              
d-1                                                                                             
d-1                                                                                            
d-1                                            
d-1                                                 
d-1                                                       
g N m−3                                   
g P m−3                            
 g P m−3                       
mole HCO3-m-3 
 g XPP (g XPAO)−1                
g XPP (g XPAO)−1            
g XPP (g XPAO)−1            
g XPHA (g XPAO)−1         
 
d-1                                             
d-1                                              
 g O2 m−3                        
g N m−3                                   
mole HCO3-m-3            
d−1                                             
d-1                                              
mole HCO3-m-3 
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Rain water treatment in wastewater treatment plant 
 
When it rains, surface or subsurface water runoff occurs. Where does the water go? Is 
all rain water infiltrated into the ground or transported to the water bodies? If not, where 
does the rest of the infiltrated water go? Will it harm the environment? Rain water infil-
trates the sewerage system and becomes part and parcel of wastewater which then re-
quires treatment. How will you know what amount of rain water goes to the sewerage 
system? Should we wait and see whether the wastewater treatment plant can contain 
and treat the amount of rain water in a specific location? Will it be a waste of money and 
time? Ideally, we would like to treat rain water independently from household sewage, 
but once it enters the sewerage system it will be treated as sewage water in the plant. The 
increase of wastewater to the plant in turn increases cost and can reduce treatment effi-
ciency. 
 
The sewerage system needs to be managed and tested based on its ability to handle the in-
crease of wastewater in the system and how well it can treat wastewater. This can only be 
done by constructing a model which replicates the existing/anticipated treatment plant. 
The model should be a simplification of the actual plant. Usually, the more data contained 
in the model the better the results, but constraints such as time or the lack of funds may 
prevent the collection of all the required data. The model needs some data from the exist-
ing plant and assumptions for the data which is not available in order to simplify and run 
the model to get the desired output within a reasonable time. The model should provide 
the simulation results which are closely related to the existing plant within a few minutes 
so that it can be analyzed. 
 
The model is constructed to replicate Käppala WWTP with the aim of evaluating how the 
storm water effect treatment efficiency. To reduce the cost of treating wastewater, the 
amount of rain water entering the sewerage system must be identified. This will also help 
to evaluate its impact on treatment efficiency, which in turn reduces harm to the environ-
ment. The constructed Käppala WWTP model was also tested in order to see how Käp-
pala WWTP can be expected to react on the flow pattern correspond to the Ryaverket 
plant. For the model to handle the same flow condition, flow normalization technique was 
implemented. 
 
Models are usually constructed for particular purpose and the well-constructed model re-
quire more data and sometimes simulation takes longer. The more data used to build up 
the model usually determine on how accurate the model results will be. The data used in-
cludes the size of the structures, temperature, daily influent flows, weekly influent con-
centrations, return flows and underflow. The simplification used in the model was de-
signed to mimic and run one treatment line in the existing plant instead of running all 
five treatment lines.  
  
The capacity of the treatment plant to handle the increase of flow and its treatment effi-
ciency will help the plant operator and engineers to decide how best to manage storm wa-
ter so that the plant will continue to work as anticipated. The aim of the plant operators 
and engineers is to reduce operational cost and increase treatment efficiency in order to 
meet required effluent standards. Controlling rain water to the sewerage system will re-
duce the cost of treating wastewater and can increase treatment efficiency. This will help 
not to harm environment and making the world a better place to live.  
